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It has been suggested that food prepared in the home contributes to a significant 
amount of foodborne illness, but little is known about the prevalence of microbial 
contamination and pathogens in the domestic kitchen.  Traditional methods to evaluate 
consumer food handling behavior have recorded a wide variety of unsafe practices; 
however there is an overall lack of agreement between studies.  There is a need for a 
standardized tool to objectively evaluate the prevalence and nature of food safety risks in 
the domestic environment.  The purpose of this study was to create a reliable and valid 
instrument that may be used to identify conditions that correspond to the presence of 
microbial contamination at home.   
An audit tool was developed to measure compliance with recommended 
sanitation, refrigeration and food storage conditions in the domestic kitchen.  This tool 
was pilot tested in 22 homes, and questions that were not sufficiently reliable were 
revised or eliminated from the final tool.  A representative sample of homes in 
Philadelphia (N=100) was then visited by two trained researchers who collected 
environmental samples and systematically observed conditions using the revised audit 
instrument.  
Many food safety risks were observed, including pest infestation (65%), 
perishable food at room temperature (16%), refrigerator temperatures above 40°F (48%), 
	 xiii
and raw meat packaged incorrectly (55%). Microbial analysis found 52% of homes had at 
least one pathogen present, and 19% of homes had more than one pathogen present. 
Staphylococcus aureus was present in 39% of homes, most often on refrigerator door 
handles and kitchen counter tops. Escherichia coli and Listeria were both found in 15% 
of homes, most often from kitchen sinks and refrigerator drawers, respectively. 
Campylobacter jejuni was isolated from 3 households (3%). Enteric bacteria indicating 
possible fecal contamination were found in 44% of homes, and at high levels in sponges.  
Chi-Square tests identified several conditions that were significantly (p < 0.05) associated 
with the presence of both fecal contamination and foodborne pathogens, including pest 
infestation, lack of towels in the bathroom and kitchen, presence of raw meat in the 
refrigerator and the presence of an animal in the kitchen.   
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CHAPTER 1:  INTRODUCTION AND LITERATURE 
1.1 Foodborne Illness in the United States 
The farm to fork continuum represents the movement of food from initial growth 
or production to the final destination: the consumer.  Throughout this process food 
products are exposed to hazards, such as microbial contamination.  The failure to 
eliminate or control these hazards may result in foodborne illness- defined by the World 
Health Organization (WHO) as any disease of an infectious or toxic nature caused by the 
consumption of food [1].  In the United States alone, foodborne illness is responsible for 
9.4 million cases annually, which result in 55,961 hospitalizations and 1,351 deaths [2].  
The economic burden of these illnesses, which includes medical expenses and loss of 
productivity, is estimated to be between $51.0 and $77.7 billion per year [3]. 
Due to the significant public health burden posed by foodborne disease, national 
surveillance is used to identify patterns and trends in the incidence.  Foodborne illness is 
classified as either sporadic (infecting only a single person), or as an outbreak (occurring 
when two or more individuals experience the same symptoms after ingesting a common 
food)[4].  The Centers for Disease Control and Prevention (CDC) monitors both sporadic 
and outbreak infections in the United States, and provides data regarding the food 
sources.  While these data represent the best and most recent estimates of the burden of 
foodborne disease in the United States, it is believed that many sporadic infections occur 
that are not reported [5]. 
1.1.1  Trends in Incidence of Foodborne Illness 
Foodborne Disease Active Surveillance Network (FoodNet) conducts surveillance 
in 10 U.S. states for all laboratory-confirmed infections caused by selected pathogens 
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(Campylobacter, Cryptosporidium, Cyclospora, Listeria, Salmonella, Shiga toxin-
producing Escherichia coli (STEC), Shigella, Vibrio and Yersinia) commonly transmitted 
through food.  This surveillance is a collaborative effort between the CDC, health 
departments from 10 states, the U.S. Department of Agriculture’s Food Safety and 
Inspection Service (USDA-FSIS) and the Food and Drug Administration (FDA).  The 
most recent data from 2013 report the greatest number of infections and highest incidence 
(per 100,000 people) from Salmonella:  7,277 and 15.19, respectively [6].  
Campylobacter and Shigella had the second and third highest incidence rates (13.82 and 
4.82, per 100,000 people) [6].  Listeria had the highest hospitalization rate (91% of cases 
required hospitalization) as well as the highest mortality rate (19.5% of cases led to 
death)[6]. 
Between 2003 and 2013 the incidence (per 100,000 people) of laboratory 
confirmed infections has increased for several major pathogens, including Campylobacter 
(increased 9.4%, from 12.63 to 13.82), Salmonella (increased 5%, from 14.46 to 15.19), 
STEC-O157 (increased 8.5%, from 1.06 to 1.15), and STEC non-O157 (increased 588%, 
from 0.17 to 1.17) [6].  Only incidence of infection from Listeria decreased during this 
time period, from 0.31 to 0.26 (16% decrease) [6].  National health objectives for target 
incidence rates of four foodborne pathogens was identified by Healthy People 2010, and 
expanded to include objectives for three additional organisms for Healthy People 2020 
[6].  The national objective for the incidence of STEC-O157 was the only target from the 
Healthy People 2010 initiative achieved on time.  In order to meet the goals for Healthy 
People 2020, the incidence of infection from Campylobacter, STEC-O157, and Vibrio 
must be reduced by almost 50% of current rates. 
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1.1.2  Trends in Foodborne Disease Outbreaks 
The CDC Foodborne Disease Outbreak Surveillance System collects data on 
foodborne disease outbreaks.  Public health agencies in all 50 states, DC, and territories 
are responsible for identifying and investigating outbreaks, and voluntarily report results 
to the CDC.  From 1998-2008 13,405 outbreaks were reported, leading to 273,120 
illnesses, 9,109 hospitalizations and 200 deaths [7].  Over this ten year period the total 
number of outbreaks decreased by about 23%.  The etiology was confirmed or suspected 
for 60% (7,998) of outbreaks and 75% (204,048) of illnesses.  Viruses and bacteria each 
accounted for 45% of the total number of outbreaks, 9% were caused by chemical/toxic 
agents, and 1% were caused by parasites [7].   
Norovirus was the most common cause of outbreaks and illnesses, responsible for 
43% and 37%, respectively [7].  The second most common causative agent was 
Salmonella, implicated in 18% of outbreaks and 19% of illnesses [7].  Salmonella 
outbreaks led to the most reported hospitalizations (44%), followed by Shiga toxin-
producing Escherichia coli (STEC) (14%) and norovirus (11%) [7].  Salmonella also had 
the highest mortality among foodborne disease outbreaks, leading to 30% of deaths [7].  
Listeria and STEC had the second and third highest mortality, respectively causing 24% 
and 11% of deaths [7]. 
A contaminated food or ingredient was implicated in 7,724 (58%) outbreaks [7].  
The food items most commonly implicated in disease outbreaks were poultry (18.9%), 
fish (18.6%), and beef (11.9%).  Pathogen-commodity pairs most responsible for 
outbreaks of foodborne illness were Salmonella – poultry (145 outbreaks) and norovirus 
– leafy vegetables (141 outbreaks) [7].  Pathogen-commodity pairs most responsible for 
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illness during foodborne disease outbreaks were norovirus – leafy vegetables (4,011 
illnesses), Clostridium perfringens – poultry (3,452 illnesses), Salmonella – vine-stalk 
vegetables (3,216 illnesses), and C. perfringens – beef (2,963 illnesses) [7]. 
1.1.3  Emerging Trends and Challenges Related to Foodborne Illness 
There are many factors that contribute to changes in the prevalence and/or 
incidence of foodborne illness.  Increased demand for imported foods, greater number of 
meals eaten outside the home, antimicrobial resistance of pathogens caused by industrial 
meat production, and increased insect vectors as a result of climate changes are only a 
few factors identified as potential causes of increasing rates of foodborne illness in 
developed countries [8].  Changes in food production methods, food consumption habits, 
population demographics, and surveillance techniques have significantly affected trends 
of illness in the United States.  Each of these factors affect multiple levels of the farm to 
fork continuum, highlighting the need for both individual and industrial accountability 
[8]. 
In the past decade several major outbreaks have implicated food products that 
were not previously associated with foodborne illness, such as peanut butter and 
microwaveable foods [9].  Microwaveable, ready-to-cook foods, such as chicken nuggets 
and turkey pot pies, often contain raw ingredients and must be fully cooked to eliminate 
the risk of foodborne illness.  These foods may be undercooked due to variations in 
power output from different brands of microwaves, or due to inadequate cooking 
time/temperature by the consumer [9].  Recent outbreaks of Salmonella related to these 
foods has demonstrated the need for precise heating instructions and warning labels on 
these products. 
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Fresh produce has recently become a major source of foodborne disease, and is 
estimated to cause the third highest number of illnesses annually [7, 10].  Salad greens, 
lettuce, sprouts and melons were identified most frequently as vehicles for norovirus, 
Salmonella, and E. coli O157 [7].  The production of fresh-cut, bagged produce involves 
many steps compared to traditional produce, creating many more opportunities for 
contamination of these products.   
Traditionally, certain groups of people have been considered high risk for 
foodborne illness, due to either higher susceptibility or increased severity of symptoms 
compared to the rest of the population.  Approximately 20% of the population in the 
United States is uniquely vulnerable to foodborne illness, including those with suppressed 
immune systems (from disease or medication), pregnant women, infants, and the elderly 
[11-13].  Recent research has focused on identifying other high-risk groups, based on 
social and demographic characteristics.  Several studies report Hispanic women 
experience greater Listeria associated morbidity and mortality rates compared to other 
races/ethnicities, due to increased consumption of unpasteurized Mexican-style cheese 
[14-17].  Other data indicate minority populations have greater rates of infection from 
Salmonella, Shigella, and Yersinia enterocolitica compared to Caucasians [18].  
Continued identification of vulnerable populations will allow researchers to develop more 
effective targeted interventions for these groups. 
The proportion of foodborne illness caused by viruses has increased in recent 
years, with viruses replacing bacterial pathogens as the most common cause of foodborne 
disease outbreaks [7].  These changes are at least partially due to the use of improved 
laboratory diagnostic methods, but nonetheless have important public health implications.  
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It is estimated that in addition to the 9.4 million cases of foodborne illness caused by 
major pathogens, 38.4 million cases of gastroenteritis occur annually that are caused by 
unspecified agents [19].  These illnesses include unconfirmed cases of infection by major 
pathogens, organisms not officially recognized as transmissible by food, substances in 
foods with questionable pathogenicity, and unknown agents [19].  This vast number of 
illnesses with unclear etiology highlights the importance of continued research and 
improved surveillance of foodborne illness. 
1.2 Persistent Microbial Contamination and Foodborne Pathogens 
In the United States, the majority of hospitalizations and deaths from foodborne 
illness are caused by bacterial infections [2].  Five bacteria are responsible for 92% of 
these hospitalizations and 85% of these deaths:  Escherichia coli, Staphylococcus aureus, 
Listeria monocytogenes, Salmonella spp., and Campylobacter spp. [2].  
1.2.1  Coliforms, Fecal Coliforms, and Opportunistic Pathogens 
Indicator organisms are groups of bacteria believed to reflect the general 
microbiological quality of a food or surface [20].  Indicator bacteria are used in a variety 
of industries to assess shelf life, hygiene/sanitation, and potential for contamination by 
foodborne pathogens.  Microbial indicators are more easily detected than pathogens, but 
their presence has historically been considered to be related to the potential presence of 
pathogens [20].  Groups of indicator organisms are made up of species that are similar in 
characteristics and/or taxonomy.  Opportunistic pathogens encompass microorganisms 
that do not affect healthy individuals, but may cause illness in vulnerable populations. 
The term coliform refers to a group of bacteria that share similar growth 
characteristics and biochemical reactions, but are not related by taxonomy.  The coliform 
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bacteria represent several different genera, including but not limited to, Escherichia, 
Enterobacter, Klebsiella, Citrobacter, Aeromonas, and Serratia [21].  Coliform bacteria 
are mostly Gram-negative non-spore forming rods, many of which are motile, facultative 
anaerobes.  These bacteria ferment lactose at 35°C, producing acid and gas within 48 
hours [20].  The Most Probable Number (MPN) technique is commonly used to estimate 
the level of coliforms present in a sample [22].  This procedure calculates the statistical 
likelihood that the organism is present based on multiple presence/absence tests [22]. 
Coliforms were traditionally believed to be an indicator of fecal contamination in 
drinking water, but are more recently and accurately used to indicate general 
effectiveness of hygiene/sanitation measures [23].  Coliforms are able to grow in most 
foods, except food that is very acidic (pH ≤ 4.0) or very dry (water activity ≤ 0.92) [20].  
Coliforms are ubiquitous in the environment, and are commonly found in the soil and in 
animal hosts.  Their presence may indicate contamination from one of these sources, 
however, because they are found throughout the environment coliform bacteria do not 
explicitly indicate improper food handling [21].  The acceptable level of coliforms in 
certain foods is set by regulatory agencies and monitored to evaluate the hygiene of the 
production atmosphere, especially as an indicator of post-processing contamination after 
pasteurization [24]. 
Like coliforms, fecal coliforms are a group of bacteria with similar characteristics 
and origin.  This group consists of Escherichia coli, as well as some Klebsiella and 
Citrobacter species.  Unlike the coliforms, these bacteria are more specific to fecal 
contamination and are differentiated by their ability to produce gas and acid at higher 
temperatures (between44-46°C) [20].  RTE foods and food preparation surfaces that test 
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positive for fecal coliforms should be further evaluated for the presence of enteric 
pathogens [21]. 
1.2.2  Escherichia coli 
Escherichia coli was first described as intestinal flora in 1885, and is naturally 
found in the lower intestinal tracts of mammals and birds [25].  The organism is a gram-
negative, non-spore forming rod from the family Enterobacteriaceae [20].  E. coli is 
differentiated from other coliform bacteria by a group of tests known collectively as 
IMViC –  Indole production from tryptone, reduction of Methyl Red from acid 
production, Voges-Proskauer reaction (production of acetoin), and use of Citrate as a 
source of carbon [22].  E. coli produces a reaction pattern of either ‘++--‘ (biotype I) or ‘-
+--‘ (biotype II) from IMViC tests [22].  The presence of E. coli in food or water 
indicates fecal contamination as a result of poor hygiene and/or sanitation [26]. 
Most strains of E. coli are considered nonpathogenic or are opportunistic 
pathogens – only causing illness in susceptible populations.  Several distinct types of 
pathogenic E. coli have been described:  enteropathogenic (EPEC), enterotoxigenic 
(ETEC), enteroinvasive (EIEC), enteroaggregative (EAEC), enterohemorrhagic (EHEC), 
diffusely adherent (DAEC), adherent invasive (AIEC), and shiga toxin-producing 
enteroaggregative (STEAEC) [25].  Classification in these groups is based on differences 
in pathogenicity characteristics, such as virulence factors, clinical disease profile, and 
phylogenetic profile [25].  ETEC, EPEC and EAEC are responsible for the majority of 
diarrheal illnesses and fatalities in developing countries [25].   
The strains that produce enterotoxins are collectively known as enterotoxigenic E.  
coli (ETEC).  These enterotoxins are similar to cholera toxin produced by Vibrio cholera 
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and alter the net fluid transport in the gastrointestinal tract [27].  This disruption inhibits 
sodium absorption and causes excess secretion of chloride, resulting in the characteristic 
symptom of ETEC infection – watery diarrhea or “traveler’s diarrhea” [28].  
Enteroaggregative (EAEC) strains have increased ability to adhere to intestinal epithelial 
cells, which improves transport of toxins into the host [25].  These strains can produce a 
several different toxins, including EAEC heat-stable enterotoxin 1, Shigella enterotoxin, 
and Hemolysin E [25].  A subset of enteroaggregative strains produce the shiga toxin 
(STEAEC) and are associated with foodborne illness [25].  Enterohemorrhagic E. coli 
(EHEC) includes serotypes commonly associated with foodborne illness, such as O157, 
O26, and O111 [25].  EHEC strains adhere to the surface of intestinal epithelial cells 
more efficiently than other strains, which increases systemic uptake of the Shiga toxin 
produced by these organisms [25, 29]. 
In the United States and other developed countries, enteric E. coli infections are 
usually classified according to toxin production, rather than pathogenicity.  For example, 
shiga toxin-producing strains (STEC, Stx-producing E. coli) includes all 
enterohemorrhagic and shiga toxin-producing enteroaggregative strains.  VTEC/ETEC 
describes all strains that produce a toxin other than shiga toxin [25].  In the United States 
foodborne E. coli (all strains) causes 205,781 illnesses/year, which lead to 2,429 
hospitalizations and 20 deaths [2].  The majority of E. coli infections are caused by STEC 
non-O157 (112,752 cases/year), followed by STEC O157 (63,153 cases/year), and 
foodborne ETEC (17,894 cases/year); with the remaining 11,982 cases caused by other 
diarrheagenic strains [2].  Among these groups, STEC O157 has the highest 
hospitalization rate (46.2%) and is responsible for 100% of the total deaths from E. coli 
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infection [2].  E. coli O157:H7 has been associated with the consumption of beef, 
produce, and complex foods [30], while other strains have been associated with recent 
outbreaks in the United States related to frozen foods (E. coli O121), raw clover sprouts 
(E. coli O26), and shredded lettuce (E. coli O145) [31]. 
1.2.3  Staphylococcus aureus 
Staphylococcus aureus are Gram-positive, non-motile, non-spore forming cocci, 
found naturally on the bodies of healthy humans and animals [32].  S. aureus can survive 
and grow in a wide range of conditions, including low water activity, relatively acidic 
environments, temperatures between 7-48°C, and very high salt and sugar concentrations 
[21, 33].  Studies show Staphylococcus aureus can survive on dry surfaces for up to 
several days, increasing the likelihood of transmission and spread of contamination [26, 
33, 34].  This tolerance for harsh environments increases the number of foods that 
support the growth of S. aureus – precooked meats, baked goods and salads have all been 
associated with outbreaks of staphylococcal illness [32].    
It is estimated that S. aureus is responsible for 241,148 cases of foodborne illness 
each year in the United States, which result in 1,064 hospitalizations and 6 deaths [2].  
Compared to other bacterial pathogens S. aureus infection has relatively low rates of 
hospitalization and mortality (6.4% and <0.1%, respectively) [2].  S. aureus is often 
transmitted by food handlers who do not practice adequate hygiene and sanitation.  
Naturally occurring bacteria from the food handler may be transferred to food via bodily 
fluids or contact with exposed skin [26].  If the contaminated food is not properly 
refrigerated or heated, the bacteria multiply and produce enterotoxins, the causative agent 
of staphylococcal gastroenteritis [32, 35].   
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Once present in a food, staphylococcal enterotoxins are extremely heat resistant 
and not likely to be destroyed by cooking [20, 35].Enterotoxins are produced readily by 
S. aureus when favorable conditions are present, and have a very low infectious dose 
[32].  Only 20 ng of toxin is required to produce symptoms of intoxication, which include 
nausea, vomiting, severe abdominal cramps, prostration, and sometimes diarrhea [1, 35].  
These symptoms are characterized by abrupt onset within 2-6 hours of consumption of 
the contaminated food.  Like most other foodborne illnesses, symptoms from S. aureus 
intoxication are generally more severe in susceptible populations, especially the elderly 
[32].   
1.2.4  Listeria monocytogenes 
The genus Listeria contains several species that are relevant to food safety.  Of 
this group, Listeria monocytogenes is considered pathogenic, while other species (such as 
L. innocua) may cause opportunistic infection or be used as an indicator for pathogenic 
strains.   L. monocytogenes is a gram-positive, motile, non-spore forming rod found 
naturally in the environment, including soil, vegetation, water, sewage, insects, and a 
variety of animals [36-42].  L. monocytogenes is a facultative anaerobe and resistant to a 
variety of harsh environmental conditions, including freezing, drying, high salt, and low 
pH [34, 43-50].  The ideal temperature for growth of Listeria is 37°C, however the 
organism can survive and grow easily at temperatures ranging from 1-45°C [51-53].  The 
ubiquitous presence and resistance to environmental factors have caused widespread 
contamination of L. monocytogenes in food processing facilities [54, 55]. 
Listeric disease in animals was first reported in 1926 [40, 56], however it was not 
recognized as a human foodborne pathogen until 1981 [40, 56].  Listeria is sensitive to 
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heat and is therefore eliminated from raw foods that are cooked to the correct internal 
temperature.  RTE foods that are not typically heated prior to consumption, such as 
frankfurters, deli meats and salads, paté, smoked seafood, and soft cheeses, have often 
been implicated in outbreaks of listeriosis [55, 57].  A study to rank annual disease 
burden of the top 50 pathogen-food combinations found Listeria monocytogenes infection 
is most often associated with the consumption of deli meats and dairy products, as well as 
complex foods, pork, poultry, produce, and seafood [30].  Although Listeria 
monocytogenes is only responsible for a small portion of all foodborne illness each year 
(1,591 cases; 0.02%), is has the highest hospitalization rate (94%, 1,455 hospitalizations) 
and the second highest death rate (15.9%, 255 deaths). 
Mild cases of listeriosis infection are usually self-limiting and present with flu-
like symptoms, such as fever, fatigue, headache, and gastroenteritis [42, 58].  Invasive 
Listeria infections cause more severe neurological and systemic conditions, including 
meningitis, septicemia, seizures, and spontaneous abortion in pregnant women [1, 59].  
Due to the potentially serious sequelae associated with Listeria monocytogenes infection, 
methods to control the survival, growth, and levels of Listeria contamination in RTE 
foods and food processing facilities have been well studied [54, 55, 59].  To this effect, 
the United States Department of Agriculture Food Safety and Inspection Service (USDA 
FSIS) has established a zero-tolerance policy to control L. monocytogenes in facilities 
that manufacture RTE meat and poultry products [60]. 
1.2.5  Salmonellae 
Salmonellae are small, gram-negative, non-spore forming rods found naturally 
throughout the environment [20].  While there are only two species of Salmonella – S. 
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enterica and S. bongori, over 2,000 different serotypes from five distinct subspecies have 
been described [20].  Data from 1998-2008 indicate outbreaks of Salmonella infection 
were frequently associated with four serotypes:  Enteritidis, Typhimurium, Heidelberg, 
and Newport [7].  Salmonellae are often distinguished from other gram negative 
organisms by biochemical reactions:  typical strains ferment glucose to produce gas, do 
not ferment lactose or sucrose, and utilize amino acids for Nitrogen [20, 22].  These 
bacteria grow best under typical conditions for pH and temperature, but may survive 
and/or grow in unfavorable environments.   
Salmonellae grow uninhibited at pH between 6.6-8.2, but cannot grow in very 
acidic (pH ≤ 4.0) or very basic (pH ≥ 9.0) environments [1, 20].  Ideal temperature for 
growth is 37°C, however some strains are reportedly able to grow at temperatures as low 
as 5°C  and as high as 46°C [1, 20].  Salmonellae are sensitive to heat and salt; the 
organism is destroyed at milk pasteurization temperatures, and at salt concentrations 
above 9% [20].  Salmonellae have been shown to survive for long periods of time on a 
variety of surfaces, including hands, money, and food preparation areas [26, 34].  This 
ability to survive on dry surfaces increases the potential for transfer and cross-
contamination to other objects. 
Naturally occurring Salmonellae are found primarily in the intestinal tracts of 
birds, reptiles, insects and mammals [20].  Contamination occurs when the bacteria are 
shed in the feces of the carrier, and then are transferred to a different animal, location, or 
food item.  This transfer can result in direct fecal contamination of food, cross 
contamination of surfaces from contact with contaminated food, and infection from 
ingestion of contaminated food.  Salmonella infection is most strongly associated with 
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the consumption of poultry, complex foods, produce, and eggs [30].  Other foods, 
including beef, pork, dairy, seafood, deli meat, bakery items, and beverages were also 
associated with Salmonella [30]. 
Symptoms of infection usually develop within 48 hours; causing fever, headache, 
nausea, vomiting, abdominal pain, and muscle weakness [1].  Most cases of Salmonella 
infection are self-limiting and last 2-3 days.  Each year in the United States Salmonellae 
are responsible for 1,029,382 cases (11%) of foodborne illness, mostly from non-
typhoidal strains [2].  Non-typhoidal Salmonella infection causes 19,336 hospitalizations 
and 378 deaths, while S. enterica serotype Typhi is responsible for only 197 
hospitalizations and no deaths [2].  Although non-typhoidal Salmonella causes more 
cases and hospitalizations each year, the hospitalization rate is only 27.2%; S. enterica 
serotype Typhi has the fourth highest hospitalization rate of all foodborne pathogens 
(75.7%).  These data suggest non-typhoidal infections tend to be less severe than 
typhoidal infections. 
1.2.6  Campylobacter  
Several species of Campylobacter are associated with foodborne illness in 
humans, most notably C. jejuni and C. coli.  Campylobacter are gram-negative, spiral 
shaped rods, with flagellum present at either or both ends of the organism [20].  
Campylobacter are notoriously sensitive to the environment, and require a specific 
microaerophilic atmosphere (10% CO2, 5% O2) and temperature range (42-45°C) for 
growth [1, 21].  Growth and/or survival is inhibited by low water activity, salt (NaCl > 
3.5%), acid (pH < 6.5), gas composition (O2 > 21%), and cold temperatures (< 28-30°C) 
[1, 33, 61, 62].  Despite the fragile nature of this organism, Campylobacter is the most 
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common cause of diarrheal illness worldwide, and remains a significant foodborne 
pathogen in the United States [1, 7, 63].    
Campylobacter are found in the intestinal tracts of birds and mammals, and may 
be transmitted via fecal shedding to water, vegetation, and other organisms [20].  High 
levels of Campylobacter are also naturally present in raw foods, especially meat and 
poultry products [26].  These foods must be stored, handled, and cooked correctly to 
prevent transmission of contamination from the raw food to other surfaces [64, 65].  
Campylobacter are found on the outside surface of raw meat, as well as in the juice [26, 
66], therefore in order to control the spread of contamination both the surface and juice of 
raw meat must be kept separate from other areas [67, 68].  If contact occurs the surface 
should be cleaned and sanitized thoroughly.  Campylobacter found in raw foods is also 
destroyed when the food is heated to the correct internal temperature.  Food handling 
behavior has a significant role in mitigating the transmission and infection potential of 
Campylobacter. 
In the United States, Campylobacter causes an estimated 845,024 illnesses each 
year, leading to 8,463 hospitalizations and 76 deaths [2].  Campylobacter infections cause 
the third highest number of hospitalizations among all foodborne pathogens, following 
hospitalizations related to non-typhoidal Salmonella and Hepatitis A virus [2].  
Campylobacter infection is associated most often with the consumption of poultry, but 
also with dairy products, produce, pork, and beef [30].  Campylobacter infection may 
present with no symptoms in some individuals, but is typically associated with onset of 
fever, severe abdominal pain, nausea, and watery and/or bloody diarrhea within 2-5 days 
[1].  In most cases the infection is self-limiting and symptoms resolve after less than ten 
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days.  In a small number of cases (2-10%) chronic symptoms may develop, including 
Guillain-Barré syndrome, hemolytic uremic syndrome, and meningitis [1].  
1.3 Control of Microbial Hazards:  Farm to Fork 
1.3.1  Consumer Safe Food Handling Recommendations 
The Food and Drug Administration (FDA) has identified behaviors that influence 
the survival and persistence of foodborne pathogens: personal hygiene/sanitation, 
separation of raw and ready-to-eat foods, adequate heating, cooling and storage of food,  
and consumption of high risk foods [69, 70].  Personal hygiene is necessary to control 
pathogens that are transferred by humans via fecal-oral routes, bodily fluids, or contact 
with exposed skin or sores, such as Escherichia coli, Shigella, and S. aureus [71, 72].  
Proper hygiene includes hand washing, abstaining from preparing food for others when 
ill, and covering exposed areas of skin during food preparation [73].  These behaviors 
must be executed correctly in order to prevent illness.  For example, laboratory studies 
indicate washing hands with soap reduces significantly more fecal contamination than 
washing with water only [74]. 
Cross contamination is the transfer of harmful microorganisms from raw food to 
utensils, surfaces, or other foods due to improper sanitation [75].  Cross contamination 
can be controlled by separating raw and ready-to-eat foods and with proper cleaning and 
sanitation of food preparation surfaces and utensils [71, 76].  In laboratory experiments 
Salmonella, L. monocytogenes, C. jejuni, E. coli and S. aureus were all able to transfer 
between food preparation surfaces several days after inoculation, increasing the time 
frame during which transmission may occur [33, 77-79].  Intervention studies have 
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shown the presence of fecal coliforms, S. aureus, and E. coli on kitchen surfaces is 
significantly reduced when cleaning products are used [80-82]. 
Time/temperature abuse may occur when a food is heated or cooled improperly.  
Pathogens such as Salmonella, C. jejuni, L. monocytogenes, and E. coli are known to be 
found on raw foods.  Failure to cook these foods to the correct internal temperature may 
result in the survival of these microorganisms and lead to foodborne illness [71].  
Time/temperature abuse may also occur when food is held at a temperature that supports 
the growth of harmful microorganisms [76].  The USDA recommends food be held below 
40°F or above 140°F in order to prevent growth of most pathogens [76].  Foodborne 
intoxication caused by Staphylococcus aureus has been associated with food held at 
temperatures between 40-140°F for longer than 2 hours [83].   
Consumption of food from unsafe sources has been identified as a behavior that 
significantly contributes to foodborne illness, especially for vulnerable populations [69].  
Vulnerable populations are more likely to experience foodborne illness than the general 
population due to compromised immune system or extremes in age [73].  A food may be 
categorized as unsafe for several reasons.  Any ready-to-eat food produced in a way that 
may not eliminate naturally occurring pathogens, such as unpasteurized milk or juice, is 
considered a high risk food [84].  Foods that are commonly associated with outbreaks of 
foodborne illness, such as raw sprouts or undercooked ground beef, may also be 
considered high risk [85].  Additionally, some foods are identified as unsafe or high risk 
only for certain groups of people, for example pregnant women should avoid soft cheeses 
to prevent listeriosis [14]. 
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1.3.2  Retail Food Safety:  Regulation and Trends 
In the food processing and retail environment many regulations are in place to 
control microbial contamination.  Guidelines such as the FDA Food Code, good 
manufacturing practices, and Hazard Analysis and Critical Control Point (HACCP) 
programs have been successful in controlling and eliminating food safety risks in factory 
and foodservice environments, including restaurants, hospitals, and schools [69, 70, 86].  
Visual inspection of conditions related to food safety is the traditional method used to 
evaluate these settings [69, 70].   
A specialized reporting form, called an audit tool, is used to systematically record 
observations during inspection [87].  In order to standardize the inspection procedure 
only conditions that are pre-determined, able to be measured quantitatively and are 
directly observable are recorded [73].  The audit tool designed and utilized by the Food 
and Drug Administration (FDA), the Food Code, utilizes science-based guidelines to 
identify and control food safety risks in retail and foodservice environments [70].  The 
Food Code is currently used by 49 states to inspect establishments as a part of the FDA’s 
Retail Food Protection program.   
The FDA Retail Food Protection program compared observations from retail and 
foodservice establishments during a ten year period (1998-2008) in order to monitor 
trends in food handling behavior [69].  Data from three types of facilities were included:  
institutional foodservice (hospitals, nursing homes, elementary schools), restaurants (fast 
food, full service), and retail food stores (delis, meat/poultry markets, seafood markets, 
produce markets).  The study found overall compliance with safe food handling 
recommendations increased in all types of facilities, and with significant increases in 
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elementary schools, fast food and full service restaurants, meat/poultry markets, and 
produce markets [69]. 
Despite the improved conditions in foodservice and retail environments, data 
from the CDC Foodborne Illness Active Surveillance Network (FoodNet) indicate the 
rates of foodborne illness caused by most major pathogens have not improved.  Between 
2003 and 2013 there was an increase in the incidence (per 100,000 people) of infections 
caused by Campylobacter (increased 119%, from 12.63 to 13.82), Salmonella (increased 
73%, from 14.46 to 15.19), STEC-O157 (increased 9%, from 1.06 to 1.15), and STEC 
non-O157 (increased 100%, from 0.17 to 1.17) [6].  Only incidence of infection from 
Listeria decreased during this time period, from 0.31 to 0.26 (5% decrease) [6].  Based on 
these numbers, it does not appear that improving food handling and sanitary conditions in 
retail and foodservice locations has had a significant impact on reducing the incidence of 
foodborne illness. 
1.3.3  Role of the Consumer 
Consumer food handling behavior in the home is considered the final defense 
against foodborne illness [88, 89].  The total number of infections caused by food 
prepared in the domestic environment is not known, however a variety of evidence 
supports the assertion that consumers play a critical role in the prevention of foodborne 
illness.  The importance of factors present in the domestic environment was shown during 
a national outbreak of Salmonella in 2008, when the CDC expanded investigation to 
include individual-level and household-level case-control studies in an effort to identify 
additional vehicles of illness [90].  Individual-level studies did not identify any additional 
food items, while household-level studies implicated jalapeño peppers were a causative 
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agent in the outbreak [90].  Data from the CDC Outbreak Surveillance System report 
food prepared in private homes was the second most common location associated with 
outbreaks of foodborne disease from 1998-2008 [7].  It has been suggested that the 
number of outbreaks is an inaccurate description of the total incidence, due to the fact 
that food prepared at home is more likely to cause sporadic infections, which are more 
likely to be underreported [91].   
Because there are no consistent or reliable data on the number of illnesses from 
food prepared at home, research has focused on these factors to evaluate the role of the 
consumer to prevent foodborne illness.  Prevention of foodborne illness at home depends 
on several factors – the presence of microbial contamination, the consumer’s knowledge 
of the risk, and the execution of safe food handling behaviors [92].  Several scenarios can 
introduce pathogenic organisms to the domestic environment:  preparation of raw foods 
with naturally occurring contamination, transfer of internal flora from a human host, and 
transport of bacteria that are ubiquitous in the outside environment.  Under the right 
conditions in the home these organisms have the potential to survive, grow, spread to 
other surfaces, persist for long periods of time and/or contaminate food.   
1.4 Microbial Contamination in the Domestic Environment  
In order to describe the prevalence and type of microbial contamination found in 
the domestic environment, researchers have collected and analyzed samples from 
consumer homes.   These studies are all unique in methodology – Covering a wide range 
of target organism(s), types of samples, laboratory methods, and population 
demographics.  The advantage of such extreme variations in research design is the 
availability of data regarding a variety of scenarios that may exist in consumer homes.  
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However, such methodological differences prevent an accurate comparison of results 
between studies, making it difficult to draw conclusions that can be generalized to a 
larger population. 
1.4.1  Locations Associated with Contamination 
Microbial contamination is found in many areas of the domestic environment.  
Fecal coliforms and Staphylococcus aureus have been isolated from surfaces in the 
bathroom, including sink basin and faucets, bathtub, toilet, counter top, door handle, and 
light switch [93, 94] and from children’s toys [82].  Additionally, S. aureus was found on 
office equipment (computer keyboards and telephones) and on the hands of consumers 
[93-95].  One study in rural homes reported the presence of Listeria spp. on shoes, 
gloves, and washing machines [96].  Among all areas of the home microbial 
contamination has been isolated most frequently from food preparation surfaces in the 
kitchen (Table 1).   
Enteric bacteria, opportunistic pathogens and Escherichia coli had similar patterns 
of contamination and were found among all areas of the kitchen.  These bacteria were 
identified most often in sinks and dishcloths/sponges and least often in refrigerators and 
table tops [93, 99].  Staphylococcus aureus was also isolated from several areas, 
occurring most frequently in samples from dishcloth/sponges, sinks, and infant high 
chairs [93, 115].  Methicillin Resistant S. aureus (MRSA) was found in samples from 
sinks, garbage cans, counter tops, dishcloths/sponges, pet food bowls and infant high 
chairs [93, 115].  Listeria spp. were found almost exclusively in refrigerators, but at much 
lower frequencies than other pathogens (1-6% of samples) [96, 105, 109, 111].   
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Table 1. Locations of Microbial Contamination in Domestic Kitchens 
Pathogen Locations Isolated Region 
Staphylococcus aureus  
 
(N=15, 8 with 60 or fewer 
subjects) 
 
 
2-7% Appliances1 
6–72% Counter top 
1–32% Cutting board 
7–30% Dishcloth/sponge 
42% Hands 
5-29% Infant high chair 
4-14% Kitchen table 
10-15% Pet dish 
2-61% RF2 door handle 
1-55% RF inside 
12-58% Sink basin/drain 
2-65% Sink faucets 
North America: 7 
Europe: 6 
Asia: 1 
Central America: 1 
 
[82, 93-95, 97-106] 
Escherichia coli 
 
 (N=10, 4 with 60 or 
fewer subjects) 
 
2% Counter top 
1–2% Cutting board 
3-62% Dishcloth/sponge 
2% Infant high chair 
2% Kitchen table 
1-6% RF inside 
2-31% Sink basin/drain 
2-12% Sink faucets 
Europe: 4 
Asia: 1 
North America: 2 
Central America: 2 
 
[81, 82, 94, 99, 100, 102, 
104, 105, 107] 
Listeria spp.  
 
(N=13, 5 with 60 or fewer 
subjects)  
 
0.4% Counter top 
6% Cutting board 
11-37% Dishcloth/sponge 
1-11% Food samples 
1-60% RF inside 
1-6% Sink basin/drain 
2% Utensils 
Europe: 8 
North America: 3 
Central/South America: 2 
 
[96, 98, 100, 102, 104-106, 
108-113] 
Salmonellae  
 
(N=9, 5 with 60 or fewer 
subjects)  
1-30% Dishcloth/sponge 
0.2-33% RF inside 
Europe: 5 
North America: 3 
Central America: 2 
[81, 82, 96, 98, 100, 104-
106, 114] 
Campylobacter spp. 
  
(N=5, 4 with 60 or fewer 
subjects)  
2% Sink basin/drain Europe: 3 
North America: 2 
 
[81, 98, 102, 104, 105] 
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1.4.2  Environmental Conditions Associated with Contamination 
Exposure to moisture was associated with greater survival and growth of some 
microorganisms.  Compared to dry locations areas exposed to moisture (kitchen and 
bathroom sinks, dishcloths/sponges, bathtubs) were more frequently contaminated with 
fecal coliforms, opportunistic pathogens, E. coli, S. aureus, and Listeria [93, 96, 99].  
Similarly, kitchen sinks and dishcloths/sponges are the only locations where all types of 
contamination have been found at least once (Table 1).  In addition to greater frequency 
of contaminated samples, higher levels of aerobic bacteria and fecal coliforms were 
isolated from wet locations – the kitchen sink and sponges, as well as the bathtub and 
bathroom floor [80, 93]. 
A thorough review of research related to microbial contamination in the domestic 
environment found only three studies attempted to isolate Campylobacter [81, 104, 105], 
and only six studies attempted to isolate Salmonella (studies from developing countries 
were not included) [81, 82, 100, 104, 105, 114].  Compared to the amount of data that 
describe contamination by other microorganisms, there is a significant lack of 
information regarding Salmonella and Campylobacter in the domestic environment.  
Additionally, only one study, published in 1997, has examined the presence of these two 
pathogens in the United States [81].  Although there are only data available from six 
studies, Salmonella and Campylobacter were isolated multiple times from food 
preparation surfaces – Indicating that these organisms are capable of surviving in these 
environments.  Continued study focused on Salmonella and Campylobacter is necessary 
to determine if there are conditions present in consumer kitchens that may contribute to 
the survival of these organisms. 
	 24
1.5 Consumer Food Handling Behavior  
As shown previously, foodborne pathogens can survive on a variety of surfaces in 
the home, indicating the importance of consumer behavior in the prevention of foodborne 
illness.   
1.5.1  Clean 
Behaviors related to proper cleaning and sanitation are necessary to prevent 
transfer of microorganisms between foods and surfaces.  These practices target objects 
that can carry or spread pathogens around the kitchen, such as hands, surfaces, utensils, 
and animals.  In one observational study, failure to correctly sanitize cutting boards in 
between contact with raw chicken and fresh produce was associated with the presence of 
L. monocytogenes on produce [98].  Another study found that participants who reported 
correct hand washing techniques had significantly lower levels of coliforms, and were 
less likely to have a pathogen present in the refrigerator than participants who reported 
incorrect hand washing [105]. 
When asked about hand washing respondents frequently report correct behavior 
for only certain activities, such as washing hands before preparing food or after touching 
raw meat or chicken [116].  Other behaviors, such as washing hands after cracking raw 
eggs, and after activities such as handling animals, gardening, or changing baby diapers 
have much lower rates of compliance among consumers [85, 105, 116].  These findings 
are at least partially supported by observational data.  Researchers in the UK observed 
91% of parents washed their hands with soap after using the bathroom, however in the 
same group only 42% washed with soap after changing a dirty diaper [117].  Microbial 
samples collected from these homes identified widespread fecal contamination, especially 
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in rooms where diaper changing took place [117].  Interviews with participants identified 
lack of time, forgetting/being distracted, and lack of perceived risk as reasons for not 
practicing correct hand washing behavior [117].   
In addition to incorrect hand washing, chopping food items directly on the kitchen 
counter was associated with higher levels of coliforms in prepared food [98].  Hygiene 
and sanitation of food preparation surfaces and utensils is also necessary to prevent 
survival and transfer of pathogens on these items.  The United States Department of 
Agriculture (USDA) recommends using cleaning with hot, soapy water, followed by use 
of diluted bleach as a sanitizer [118].  A variety of incorrect methods have been reported 
by consumers when asked to describe cleaning techniques, such as the use of baking 
soda, vinegar, and/or lemon juice to sanitize surfaces [85, 97, 105].  Additionally, 
consumers often report overuse of bleach [119] and lack of soap or hot water when 
washing hands and dishes [120-122].  Participants who report correct methods to clean 
and sanitize utensils were less likely to have a pathogen present in their refrigerator, 
compared to participants who incorrectly cleaned and sanitized utensils [105]. 
1.5.2  Separate 
In order to prevent cross contamination, raw meat, fish, and poultry must be kept 
separate from ready to eat foods and other surfaces [76].  These practices are especially 
important during preparation of raw foods, and are often neglected by consumers during 
observational studies.  Following preparation of a roast chicken, 25 participants were 
provided with the necessary instructions and materials to collect swab samples from food 
preparation surfaces, in order to track the spread of contamination [123].  Transmission 
of pathogens from the raw chicken to other areas resulted in cross contamination of 
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participant hands (24%), refrigerator door handles (4%), oven handles (20%), counter 
tops (24%), dish draining boards (32%) and dish cloths (12%) [123].  In this study E. coli 
was transferred between surfaces least often (9.5% of times), while cross contamination 
of Salmonella, Campylobacter and S. aureus occurred much more frequently: 16.6%, 
18%, and 19.7% of times, respectively [123].  
Self-reported data indicates that the majority of consumers incorrectly store raw 
meat above prepared foods in the refrigerator, in which case drippings from the raw meat 
may contaminate other food in the refrigerator [105, 124, 125].  Another behavior that 
may contribute to the spread of pathogens in the domestic environment is washing raw 
meat and poultry at the kitchen sink.  This practice, described as “Very Important” by 
83% of consumers, can cause aerosolization of microorganisms and subsequent 
contamination of nearby RTE foods or other surfaces [119, 126]. 
1.5.3  Cook 
Results from survey data indicate consumers often do not follow recommended 
guidelines for heating food.  Consumers report consumption of several types of raw and 
undercooked foods, including eggs, fish, beef, and shellfish [85, 116].  The majority of 
consumers use some method other than temperature (i.e., smell, appearance, texture) to 
determine doneness of meat [85, 105, 127].  Results from a visual observation indicate 
homes with a meat thermometer available are less likely to have Listeria contamination, 
compared to homes without thermometers [96]. 
Low compliance for this behavior may be due to a lack of knowledge (consumer 
does not know correct temperature), personal taste preferences (consumer likes meat 
cooked “rare”), a lack of resources (consumer does not own a food thermometer), or a 
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combination of factors [126].    Some studies report contradicting results within a single 
group of participants, possibly indicating a lack of consumer food safety knowledge 
causing the participant to answer survey questions sporadically.  One study found that 
although 90% of subjects were aware of the link between E. coli and undercooked 
hamburger, only 13% considered consumption of runny eggs a risky behavior, and 77% 
considered visual appearance a moderately-to-very effective measure of hamburger 
safety [126].  Furthermore, when observed preparing food only one participant (3%) used 
a thermometer to check the doneness of a hamburger [126].   
1.5.4  Chill 
Many consumers allow leftover food to cool at room temperature for more than 
two hours, and in some cases even overnight [125, 127, 128].  Refrigerated leftovers 
should not be stored in large, deep containers because it prevents the food from cooling 
quickly, however this practice has been reported by up to 80% of consumers [129].  
Visual observation of leftovers that were incorrectly cooled, packaged, or stored was 
significantly associated with the presence of Listeria contamination in the home [96].  
This same study found incorrect refrigeration temperature was significantly associated 
with Listeria contamination in the home, and the presence of high risk foods in the 
refrigerator significantly associated with L. monocytogenes in the home [96]. 
Between 21-84% of consumers report thawing frozen meat unsafely, either at 
room temperature or in standing water [85, 105, 122, 127].  Consumers who were 
observed thawing raw meat at room temperature had higher levels of coliforms present in 
prepared foods [98] and higher levels of Enterobacteriaceae on food surfaces [130] than 
consumers who food prepared correctly. 
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1.6 Safe Food Handling Behavior of Consumers: Comparison of Methods 
A variety of methods have been used to evaluate characteristics and behaviors of 
consumer homes that may be relevant to food safety hazards.  Self-reported behavior, 
observed behavior, observed conditions, visual inspections (audits), and microbial 
sampling represent the most common methods described.  Table 2 summarizes these 
methods and their use in consumer food safety studies.  Distinguishing between observed 
behaviors, conditions and audits provides a more accurate description of these methods.  
Other studies have used simple rating techniques, such as a 1-5 Likert scale to evaluate 
cleanliness of a surface, and describe the study as an “audit”.  An actual audit is more 
complex – According to the International Organization for Standardization (ISO) an audit 
is defined as “a systematic, independent and documented process for obtaining evidence 
and evaluating it objectively to determine the extent to which audit criteria are fulfilled” 
[131].  Limitations and benefits exist for each of these methods, and must be evaluated 
before designing a research study. 
1.6.1 Limitations of Self-Reported Data 
Survey questionnaires are frequently used to collect information about various 
aspects of consumer food handling behaviors [87].  Although this method is a common 
form of evaluation, it represents the participant’s own interpretation of the experience, 
which may or may not be accurate.  The reliability of self-reported behavior is dependent 
on the ability of the participant to recall and report his or her actions correctly and 
without bias.  Compared to self-reported information, direct observation is considered a 
more reliable and accurate approach to studying food-handling behavior in the domestic 
environment [146, 148].   
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Table 2.  Methods to evaluate food safety hazards in consumer homes 
Method Description Comparisons 
Self-Report 
Behavior  
(N=33) 
Self-reported data from consumer (i.e., survey, 
interview, focus group) [80, 81, 85, 93, 94, 96, 97, 
102, 103, 105, 109, 115-117, 119-122, 124, 127, 132-
144] 
Obs Behav: 6 
Conditions: 5 
Audit: 2 
Micro: 13 
   
Observed 
Behavior 
(N=11) 
Direct observation of consumer performing some type 
of behavior (i.e., food preparation, hand-washing) [95, 
117, 120, 121, 126, 134, 137, 138, 142, 145, 146] 
Self-Report: 6 
Conditions: 1 
Audit: 1 
Micro: 2 
   
Observed 
Conditions 
(N=8) 
Record some aspect(s) of the environment based on 
pre-determined criteria (i.e., refrigerator temp, use a 
simple rating scale to evaluate criteria, record 
presence of a certain item) [96, 103, 105, 109, 133, 
138, 144, 147] 
Self-Report: 3 
Micro: 5 
 
   
Audit/Visual 
Assessment 
(N=5) 
Use of structured and objective checklist to record the 
presence of items in the home, based on clearly 
defined guidelines [127, 133, 141-143] 
Self-Report: 2 
Obs Behav: 1 
 
   
Microbial 
Samples 
(N=19) 
Collect and analyze environmental, clinical, or food 
samples from consumer homes to test for microbial 
contamination [80, 81, 93-97, 102, 103, 105, 108, 109, 
111, 114, 115, 117, 133, 143, 144] 
Self-Report: 13 
Obs Behav: 2 
Conditions: 5 
 
	
	
Researchers observe each step of the meal preparation process from start to finish 
and record specific types of mishandling by the participant.  The observed behaviors may 
be compared to other measured variables, such as knowledge or microbial contamination, 
in order to determine associations between these variables.    
Results from studies that compare self-reported and observed behaviors reveal 
that self-reported behavior may not always reflect actual behavior.  Researchers found 
poor agreement between reported and observed behaviors for hand washing and cleaning 
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surfaces after contact with raw meat [120, 121, 142].  Another study that compared 
reported cleaning techniques with microbial contamination found many conflicting 
results [97].  Correct behaviors were sometimes associated with higher levels of 
contamination than incorrect behaviors, and vice versa.  For example, refrigerator handles 
of consumers who never or seldom cleaned refrigerator handles had significantly lower 
aerobic plate count and Enterobacteriaceae count, compared to respondents who did clean 
them regularly [97].  While it’s possible that there is actually no relationship between 
these factors, these discrepancies may be due to inaccurate statements reported by 
consumers regarding their typical cleaning habits.  Despite these limitations, self-reported 
information from survey questionnaires comprises the majority of what is currently 
known about food handling practices in the domestic environment [87, 88]. 
1.6.2  Limitations of Observational Data 
Although generally considered to be a more accurate measure of behavior, there 
are several drawbacks to observational studies.  Even casual observation has the potential 
to alter a subject’s behavior, so the research design must ensure the participant performs 
his or her “usual” behavior as opposed to a perceived “correct” behavior [149].  This 
phenomenon, known as the Hawthorne Effect, has been well documented [150].  Studies 
that compare behavior observed by known or unknown (“secret”) observers find 
significant differences in behavior – the presence of a recognized observer is associated 
with increased rates of compliance among subjects [150] 
In order for results to be useful, the method to record data should be meticulously 
evaluated to guarantee inter-rater reliability, as well as objectivity of criteria.  It is 
difficult to use observation to evaluate intricate, multi-step, and often subjective 
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behaviors, such as meal preparation [151].  This complexity of these studies is an added 
limitation when comparing results.  Though following the same basic method, small 
differences in design (such as type of meal prepared or level of instruction given to 
participants) make it difficult to compare data and form overall conclusions.   
1.6.3  Use of a Visual Inspection/Audit 
The ubiquitous use of audit tools to evaluate the safety of foodservice facilities 
has encouraged the development of similar tools to study the domestic environment.  This 
type of visual inspection is especially useful to study consumer households because, 
unlike survey questionnaires and behavior observation, it records the presence of 
conditions that are physically tangible and clearly evident without room for 
interpretation.  To date only five studies have used this method to evaluate consumer 
homes.   
Daniels et al. developed a tool based on the FDA Food Code to evaluate 
consumer behavior and environmental conditions during inspection of the domestic 
environment [152].  Between 1997 and 2000 the tool was used to evaluate consumer 
homes, and after each year the method was refined and modified to improve its use [153].  
In 2000 this instrument was used to document the frequency of unsafe conditions in 115 
homes in 74 metropolitan areas of the U.S.  Results from this study found 24% of homes 
met the criteria for acceptable conditions, averaged 1.6 critical violations per home, and 
74% had at least one critical violation recorded [153].  The most common critical 
violations observed were improper food preparation techniques (26%, example: raw food 
left at room temperature), cross-contamination (25%, example: storage of RTE foods 
above raw foods), and improper cooling of leftovers (24%) [153].   
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In 2001 Larson et al. describe use of an audit tool to evaluate the relationship 
between home hygiene and infectious disease symptoms in Hispanic consumers [140].  
These authors describe their tool in less detail than Daniels et al., however they do 
provide information about reliability and validity tests to assess the instrument, as well as 
training methods for raters [140].  This particular audit tool focused specifically on 
recording the brand and type of cleaning products used throughout the home, in addition 
to the presence of food remnants, mold/scum, dirty dishes and soiled laundry in the home 
[140].  Observed cleanliness was overwhelmingly high, between 85-94% of surfaces 
(food preparation areas, bathroom and kitchen sinks, and showers) were rated visibly 
clean [140].  It is unclear whether these high scores are due to homes that were actually 
clean or lack of rigorous guidelines for measurement.  
 In 2007 a home kitchen audit instrument was developed and used to evaluate 
conditions present in the homes of 150 college students [154].  Like the audit tool 
developed by Daniels et al. in 2007, this instrument was also based on the FDA Food 
Code.  The tool provided a standardized form to report observations related to kitchen 
and appliance cleanliness, availability of cleaning supplies, thermometer use, cold food 
storage, dry food storage and storage of chemicals.  Results from the study indicate the 
greatest lack of compliance with items related to appliance cleanliness, cold food storage, 
and temperature control [154].  The majority of results from this study were reported as 
an overall score for each section of the audit instrument.  This method makes it 
impossible for the reader to identify prevalence and compliance for particular items 
included in the audit.  This same tool was described in another paper which includes 
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slightly different aspects of the overall project, but uses the same method to report results 
[134].   
Many differences exist between the various methods described to evaluate 
consumer homes, each with advantages and disadvantages.  The lack of agreement 
between self-reported and observed behavior is clear, as is the high proportion of studies 
that utilize self-report data.  These factors identify a gap in the current body of literature 
and a need for more reliable data to describe consumer food handling behavior.  Direct 
observation of consumer behavior may provide more accurate results, however this study 
design is more useful to describe a specific aspect of behavior.  It would be difficult to 
develop an observational study to record a wide variety of behaviors without creating an 
unrealistic laboratory-like model kitchen.  A visual assessment using a standardized audit 
tool has the ability to reliably document the presence of unsafe practices of consumer in 
their “natural habitat.”  This method has been under-utilized among this population and 
warrants further study. 
1.7 Statement of Problem and Justification 
While a visual assessment may represent an ideal method to evaluate consumer 
homes, this cannot be done with the audit tools that have been previously described.  The 
instrument designed by Byrd-Bredbenner et al. uses a complicated scoring system shared 
by only one other (related) study, which makes it difficult to compare the findings to 
other research [134, 154].  For this reason, as well as the fact that this audit tool was 
particularly designed to observe homes of young adults, this instrument is not able to be 
utilized to study a more general population.  The other two audit tools described above 
also lack necessary qualities.  The instrument developed by Larson et al. focuses on only 
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two specific behaviors, and is therefore unable to describe a wide range of potential food 
safety hazards.  The audit tool described by Daniels et al. may be useful to describe a 
wide range of conditions, however the study was published by an international auditing 
company and their materials are not available to the public.  There are also no data 
available regarding the reliability and validity of this tool, which is a crucial aspect of a 
measurement instrument.  Based on these results, there is a need to develop a reliable 
audit tool that can be used to evaluate a range of conditions present in consumer homes. 
Few studies have combined visual inspection with microbial sampling to identify 
relationships between conditions in the domestic environment and microbial 
contamination.  Rodriguez-Marval et al. investigated conditions related to the presence of 
Listeria monocytogenes in homes in a rural environment [96].  Results from this study 
indicate behaviors related to handling and cooking of perishable foods, as well as 
personal cleanliness habits, affect the probability of isolating Listeria from the home [96].  
These results are limited however by the narrow scope of this study (assessing the 
presence of a single pathogen in a rural farm environment), as well as the method of 
reporting results.  Results from a simple assessment of conditions were combined with 
self-reported data and other results to create a combined score for each behavior construct 
[96].  This method eliminates the ability to draw conclusions about the prevalence of 
singular conditions among this population. 
Sharp et al. collected samples from surfaces in 6 communal college kitchens, 
which were compared to results from a simple visual evaluation of cleanliness (using a 1 
– 5 scale to rate each area from “very clean” to “very dirty”) [144].  No relationship 
between the visual hygiene score and contamination (total viable counts and coliforms) 
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were reported in the study, and few conclusions were able to be drawn.  It’s possible the 
lack of results was related to the extremely small sample size, or to the use of informal 
observation methods [144].  This study emphasizes the necessity of measurement tools to 
be reliable, with each criterion clearly defined (especially when evaluating subjective 
items, such as cleanliness).  Furthermore, measurement tools should be user friendly so as 
not to confuse raters – the hygiene scale described by Sharp et al. rates areas from 1 – 5, 
however “1” represents the best score (very clean) and “5” represents the worst (very 
dirty).  This backwards designation may complicate the evaluation process and confuse 
the reader. 
One study reported use a rapid method, microbial ATP (mATP) bioluminescence, 
to assess microbial contamination in consumer homes [133].  This measure is believed to 
be an indicator of aerobic plate count (APC), and results were used as such.  These data 
were compared to results from a simple visual observation, which rated the cleanliness, 
fullness, and organization of refrigerators, in order to determine correlations between 
microbial activity and cleanliness.  These results found mATP present more often in parts 
of the refrigerator that scored high for cleanliness, such as the vegetable drawer [133].  
Similar to the study conducted by Sharp et al., it’s possible that use of a more structured 
approach to record cleanliness items here may improve the likelihood of identifying 
related contamination. 
In addition to the three studies described here, only two others have compared 
microbial contamination to the presence of an observed condition (refrigerator 
temperature).  Measurement of refrigerator temperature is useful in these types of studies, 
as it represents an objective condition.  Lack of structure and objectivity during the visual 
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observation reported in the other three studies may have contributed to their inconsistent 
results.  Microbial contamination has not been compared with results from a full-scale 
audit of consumer homes.  This method has the potential to identify significant 
associations between consumer behavior and foodborne pathogens, if executed 
appropriately.  This gap in the literature indicates a need for an interdisciplinary 
approach, combining results from a standardized audit instrument and microbiological 
samples, to evaluate the safety of food preparation areas in the domestic environment. 
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CHAPTER 2:  DEVELOPMENT AND PILOTING OF A FOOD SAFETY AUDIT 
TOOL FOR THE DOMESTIC ENVIRONMENT 
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Research suggests that consumers often mishandle food in the home based on 
survey and observation studies.  There is a need for a standardized tool for researchers to 
objectively evaluate the prevalence and identify the nature of food safety risks in the 
domestic environment.  An audit tool was developed to measure compliance with 
recommended sanitation, refrigeration and food storage conditions in the domestic 
kitchen.  The tool was piloted by 4 researchers who independently completed the 
inspection in 22 homes.  Audit tool questions were evaluated for reliability using the 
Kappa Statistic.  Questions that were not sufficiently reliable (Kappa < 0.5) or did not 
provide direct evidence of risk were revised or eliminated from the final tool.  Piloting 
the audit tool found good reliability among 18 questions, 6 questions were revised and 29 
eliminated, resulting in a final 24 question tool.  The audit tool was able to identify 
potential food safety risks, including evidence of pest infestation (27%), incorrect 
refrigeration temperature (73%), and lack of hot water (>43oC) (32%).  The audit tool 
developed here provides an objective measure for researchers to observe and record the 
most prevalent food safety risks in consumer's kitchens and potentially compare risks 
among consumers of different demographics. 
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2.1 Introduction 
2.1.1 Foodborne Illness and the Domestic Environment 
Despite numerous interventions and regulations meant to control contamination of 
food products, foodborne illness continues to be a major public health problem in the 
United States, with an estimated 9.4 million cases, 56,000 hospitalizations and 1,400 
deaths each year [2].  Between 1998 and 2008, 8% of reported foodborne illness 
outbreaks were attributed to food prepared at home [7].  The majority of foodborne 
illnesses result from sporadic cases rather than large outbreaks [2, 7], and it is likely the 
actual number of illnesses caused by food prepared in the domestic environment is much 
higher.  After a food is purchased, there are many opportunities for contamination or 
mishandling to occur – for this reason consumer food handling behavior is considered the 
final defense against foodborne illness [88].  Safe food handling in the home requires 
awareness of the disease risk, knowledge of how to prevent or reduce the risk, and the 
execution of a variety of behaviors to ensure safe food [155]. 
2.1.2 Evaluation of Food Safety Risks in the Domestic Environment 
The presence of microbial contamination in the domestic environment has been 
well documented.  Enteric bacteria, normally eliminated by proper cooking or by 
adequate sanitation, have been isolated from almost every surface in the kitchen [80, 81, 
93, 94, 98, 99, 104, 111, 115, 130, 156].  Their presence on food preparation surfaces 
indicate mishandling may have occurred.  Foodborne pathogens have also been isolated 
from consumer homes, including Staphylococcus aureus [82, 93, 94, 99, 104, 115, 123, 
156], Escherichia coli[81, 82, 94, 99, 104, 123], Campylobacter jejuni [66, 123], 
Salmonella spp. [66, 81, 82, 114, 123, 156], and Listeria monocytogenes [104, 108, 109].  
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These bacteria are introduced to the domestic kitchen during food preparation and can be 
controlled or eliminated by safe food handling practices and proper sanitation.  The 
ability of foodborne pathogens to survive on food preparation surfaces indicates the 
importance of consumer behavior in the prevention of foodborne illness.   
Cross contamination is the transfer of harmful microorganisms from raw food to 
utensils, surfaces, or other foods.  During meal preparation up to 71% of consumers were 
observed touching surfaces in the kitchen directly after handling raw meat [137, 138].  
Consumers have also described incorrect methods used to clean and sanitize items [127, 
138] and frequently report using the same utensil or surface for raw and ready-to-eat 
foods [105, 127, 142].  Appropriate personal hygiene is necessary to control pathogens 
that are spread by humans via fecal-oral transmission or contact with open sores, such as 
Escherichia coli, Shigella, and S. aureus.  Contamination on the hands can significantly 
increase the spread of microorganisms around the kitchen, for pathogens picked up from 
handling raw meat as well as enteric pathogens from the food preparer [67, 72].  Almost 
all consumers report always washing hands with soap before preparing meals and after 
handling raw meat or poultry [116, 137], but when observed only about 50% of people 
actually followed correct hand washing techniques [137, 138]. 
Temperature abuse may occur when a food is heated or cooled improperly.  Many 
consumers report using visual or tactile methods to know when meat is done cooking, 
such as checking the color of the meat or feeling the meat for firmness and texture [85, 
138].  These methods are not always accurate and may allow harmful microorganisms to 
survive in the food [157].  Temperature abuse may also occur when food is held at a 
temperature that supports the growth of foodborne pathogens.  Behaviors that expose 
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foods to these conditions have been reported, including thawing or defrosting food for 
several hours at room temperature, and cooling hot leftovers inappropriately [105, 138].  
Observations of consumer homes also show many refrigerators operate above 
recommended temperatures [105, 147], which allows the potential growth of pathogens 
such as Listeria monocytogenes and Staphylococcus aureus. 
Although most authors agree that consumers frequently mishandle food at home 
there is a lack of consistency between results from study to study.  Self-reported data, the 
most common method to evaluate consumer food handling behavior, is inconsistent and 
reported behavior does not always represent actual behavior [87].  When comparing self-
reported behavior to observed behavior large discrepancies were reported for hand 
washing, sanitizing surfaces used to prepare raw meat, and using a thermometer to check 
doneness of food [120, 121, 137, 138, 158].  Direct observation provides valuable insight 
into consumer food handling behavior, but due to large variation in study methodologies 
it is difficult to compare results between studies.  Behavioral observation may also impart 
a bias on the results if the participants change their behavior because they know they are 
being watched.   
2.1.3 Visual Inspection of Environmental Conditions 
Visual inspection to document conditions related to food safety is the traditional 
method used to evaluate retail and foodservice settings, including restaurants, hospitals, 
and schools [69, 70].  In order to regulate food safety of these environments inspectors 
from the Food and Drug Administration (FDA) document conditions that are pre-
determined, able to be measured quantitatively and are directly observable [73].  A 
specialized reporting form, called an audit tool, is used to systematically record these 
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observations in a standardized manner [87].  The audit tool designed by the FDA, the 
Food Code, utilizes science-based guidelines to identify and control food safety risks in 
retail and foodservice environments [70].   
This type of visual inspection may also be useful to study consumer households.  
Unlike other methods, the use of an audit tool provides a standardized checklist to record 
conditions that are actually present at the time of inspection.  The instructions and 
questions on the audit tool must be evaluated for reliability to ensure they are clear and 
objective.  A reliable instrument will produce the same results after repeated use, such as 
use by multiple people to evaluate a given set of conditions.  This type of reliability, 
called inter-rater reliability, measures the extent to which a group of raters agree in their 
responses to a question [159].  This standardized, objective form of reporting may give a 
more accurate depiction of food safety risks present in the domestic environment.  
Some studies have utilized this approach to evaluate specific conditions in the 
domestic environment, such as refrigerator cleanliness and organization [100, 147], 
presence of high risk foods [96], presence of certain pets/animals [93, 96].  Researchers 
have also developed an audit tool for consumers to use in their own kitchens as well as 
developed and utilized an audit tool to evaluate the overall conditions of the kitchens of 
young adults [154, 160].  The goal of the research described here was to develop and 
validate an objective and reliable instrument to document a range of conditions related to 
unsafe food handling in consumers’ homes, as well as to make that tool readily available 
to other researchers. 
2.2 Experimental Section 
2.2.1 Development of Audit Tool Criteria 
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An audit tool was developed to measure compliance with recommended 
sanitation, refrigeration, and food storage conditions in the domestic kitchen.  The 
instrument is formatted as a checklist, with multiple-choice questions to be used by the 
researcher to record visual observations from the environment.  This method is 
commonly used in the food industry to inspect restaurants and food service 
establishments, and several pre-existing audit tools served as a model for the one created 
in this study [73, 161].  A literature review identified target behaviors associated with 
either the presence of foodborne pathogens (based on laboratory experiments), or with 
the incidence of foodborne illness (based on epidemiology studies).  Five target behaviors 
relevant to food safety in the domestic environment were identified:  personal hygiene 
and sanitation, prevention of cross contamination, avoidance of high-risk foods, 
time/temperature abuse, and overall kitchen maintenance.   
In order to be included in the audit tool each question had to be related to at least 
one target behavior, directly observable, and able to be measured or determined 
objectively.  All conditions that are either directly associated with target behaviors or 
necessary to control the target behavior were further evaluated.  From this list only 
conditions that could be directly observed by the auditor, with no input from the 
participant, were considered.  The last criterion for inclusion was measurability and 
objectivity of the questions.  In order for an instrument to be reliable each question must 
be able to be measured objectively, with no chance of different interpretations between 
different observers using the tool.  While many conditions could be easily measured in an 
objective way, some were inherently subjective but considered especially relevant to food 
safety.  For these criteria a set of observation guidelines were created to accompany the 
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audit tool.  These guidelines provided a list of standards that allowed the auditor to 
observe a subjective quality (such as “cleanliness”) in an objective way. 
It should be noted that the audit tool was developed and modified based on the 
assumption that the consumer would practice appropriate hygiene and food handling 
practices.  That is, if soap and towels are available they will be used for proper hand 
washing.  Similarly, if cleaning supplies are available they will be utilized and if cutting 
boards are available they will be used appropriately to avoid cross contamination.  Actual 
observations of how consumers utilized available supplies were not conducted.  Similarly 
therefore, it was assumed that a lack of supplies for proper hygiene and food handling 
would make it likely that these practices were not being carried out, and therefore 
increase risk. 
Three experts with backgrounds in food safety and domestic hygiene reviewed the 
draft audit tool for accuracy, usability, relevance to the domestic environment and overall 
completeness.  The questions on the audit tool were originally categorized by food safety 
topic (i.e., Cross Contamination Hazards, Time/Temperature Abuse, etc.), and were 
reorganized into groups based on location in the kitchen.  This format allowed auditors to 
complete the inspection in an efficient and systematic manner.  The final instrument 
contained five sections, each referring to a specific area of the kitchen and bathroom:  
General Kitchen, Kitchen Sink, Counters/Cabinets, Refrigerator/Freezer, and Bathroom 
Hygiene.  The initial audit tool developed for the pilot study consisted of 52 questions. 
2.2.2 Pilot Study – Sample Size Determination 
The audit tool was pilot tested in domestic kitchens to determine inter-rater 
reliability of the questions as well as to further refine the instrument.  For this study the 
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lowest level of Kappa (к) acceptable to consider a question sufficiently reliable was 
initially set at 0.6 – the high end of moderately significant Kappa values [159].  It was 
determined that four raters observing twenty-two homes would be sufficient to achieve 
significance (p < 0.05) based on a lowest acceptable kappa of 0.6 with a goal kappa of 0.8 
[162]. 
2.2.3   Pilot Study – Recruitment & Eligibility 
A convenience sample was recruited from Drexel University in Philadelphia, PA 
via department-wide e-mail advertisements and through word of mouth.  The email 
included information about the commitment required by of the study (a single home visit 
lasting approximately 20 minutes), the eligibility criteria (must be 18 years or older, live 
within one hour drive of Philadelphia, and have a full kitchen in their home), and the 
compensation ($20.00 in cash).  Volunteers were asked to contact the researcher if they 
were interested in participating in the study.  Appointments were given on a first come, 
first serve basis in order to reach the goal of 22 participants.  A total of 38 people 
volunteered to participate in the study.  From those 38 volunteers, three responded too 
late (after completion of the pilot study), seven provided contact information but could 
not be reached, four lived too far away and two canceled their appointments and were 
unable to reschedule.  Volunteers were screened for eligibility via telephone 
questionnaire prior to scheduling appointments.   
2.2.4 Pilot Study – Home Inspection with Audit Tool 
Four researchers conducted inspections in 22 homes in and around the city of 
Philadelphia, PA during May and June 2012.  This study was approved by the Drexel 
University Institutional Review Board (IRB) and all participants were asked to sign 
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informed consent forms before participating in the study.  Prior to the onset of data 
collection a comprehensive training session was held to familiarize the auditors with the 
instrument.  During this time the auditors reviewed the guidelines for recording 
observations, clarified the meanings of important terms used throughout the audit tool, 
and discussed how to handle unexpected scenarios.  Informal training sessions were done 
periodically throughout the duration of the pilot study to remind the auditors to follow 
certain guidelines or to address new issues.   
At the participant’s home, each of the four auditors conducted an independent 
observation of the domestic environment using the audit tool.  During this time the 
auditors did not discuss their observations with each other and could only consult their 
list of guidelines to determine how to evaluate conditions.  The audit tool contained five 
sections and a total of 52 questions.  The majority of the questions were multiple choice 
with only two answer choices (YES or NO), with a few open-ended sub-questions.  Each 
section was followed by a blank space for the auditor to record any additional comments 
or relevant observations.    
The General Kitchen section contained 10 questions about the overall state of the 
kitchen, such as whether pets were observed on or near surfaces where food is prepared, 
evidence of pest infestation, maintenance of trash receptacles, and the availability and 
storage of cleaning materials.  Six questions were included in the Kitchen Sink section to 
record if soap was present (and what type), evaluate the overall cleanliness of the sink, 
drain, and sponge/dishcloths.  Kitchen water temperature was measured by running water 
into a container with an immersed thermometer (Ever-Safe Standard Laboratory 
Thermometers Partial immersion (76mm), -20 to 110°C; Ertco; Lafayette, NJ) placed in 
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the sink.  Water was run for five minutes or until reaching 43°C, whichever came first.  
The Counters/Cabinets section contained 11 questions about the overall condition and 
cleanliness of appliances, kitchenware, counters and utensils.  This section also asks the 
observer to record if the participant owns a meat thermometer.   
The fourth section, Refrigerator/Freezer, was the longest section with 22 
questions.  Questions from this section recorded the condition and cleanliness of the 
refrigerator and freezer (interior and exterior), food storage methods (if perishable food 
was stored at room temperature, if raw meat was packaged to prevent leaks), adherence to 
expiration and use-by dates, and the presence of foods commonly associated with 
foodborne pathogens (raw sprouts, unpasteurized dairy, Mexican-style cheese, smoked 
meat).  The temperature of the refrigerator was also measured using a pen-style infrared 
thermometer (VWR International; West Chester, PA) and recorded in this section.  This 
was done by holding the thermometer approximately 2 inches away from a food 
container as close to the middle of the refrigerator as possible, immediately after opening 
the refrigerator door.  The last section, Bathroom Hygiene, contained two questions about 
the presence of soap and hand towels near the bathroom sink only if a bathroom was 
present on the same level of the home in which the kitchen was located. 
The auditors were encouraged to record additional comments or to elaborate on 
their answers as often as possible to provide the most complete picture of the conditions 
in the home.  Upon completion of the inspection each participant was compensated $20 
and provided with basic food safety information.   
2.2.5 Kappa Calculation & Data Analysis 
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Audit tool data from home inspections was numerically coded and entered into an 
Excel spreadsheet.  Kappa statistic was calculated and used to evaluate inter-rater 
reliability for each question on the audit tool [163].  Observational data from the 
comments section of audit tools was recorded and organized by topic to provide a 
qualitative description of the domestic environments.  All unique identifying information 
collected from participants (first name, telephone number, address) was removed after the 
home inspection was complete.  Personal information was replaced with a random 
number code to identify the data. 
2.3 Results and Discussion 
2.3.1 Participant Demographics 
All 22 participants were located in or around the city of Philadelphia, PA.  Half of 
the participants (n = 11) were male, and the rest female.  Participant age ranged from 21 
to 75 with a mean age of 31.  The purpose of this pilot study was to evaluate the 
reliability, functionality and appropriateness of the audit tool, rather than record 
individual characteristics of the participants.  For this reason a convenience sample was 
used and minimal demographic information was obtained. 
2.3.2 Kappa Scores 
A summary of the kappa values for 24 questions which were eventually included 
in some format in the final audit tool is shown (Table 3).  In most cases kappa was 
calculated for the total number of homes visited (n = 22).  Missing data was encountered 
for 13 questions when raters unintentionally left a question blank.  Any question with a 
missing response was omitted from the analysis and kappa was calculated for the 
remaining number of homes (n < 22).   
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Table 3.  Kappa scores, from lowest to highest kappa 
Question Kappa
Is either one-use paper towels or a designated hand towel available near kitchen 
sink? 
-0.031
Is soap available near kitchen sink? -0.012
Are all Ready-to-Eat foods packaged to avoid cross contamination? 0.121
Do food contact surfaces of refrigerator exterior appear clean? 0.163
Are all raw meat/fish/poultry/eggs packaged to avoid cross contamination? 0.181
Is there evidence of pest infestation? 0.421
Do food contact surfaces of counter tops appear clean? 0.485
Do food contact surfaces of kitchen sink appear clean? 0.508
Are sponges/brushes/rags properly stored and in good condition? 0.509
Do food contact surfaces of refrigerator interior appear clean? 0.510
Are all raw meat/fish/poultry products stored in leak-proof containers? 0.514
Are cleaning materials/tools available? 0.534
Are all cutting boards in good condition? 0.576
Are all raw meat/fish/poultry products in refrigerator within the use-by dates? 0.620
Are raw meat/fish/poultry stored below prepared and Ready-to-Eat (RTE) foods 
in the refrigerator? 
0.703
Is either one-use paper towels or a designated hand towel available near 
bathroom sink? 
0.779
Is any perishable food stored outside of the refrigerator? 0.845
Are animals present in areas where food preparation or consumption occurs? 0.853
Is soap available near bathroom sink? 0.855
Are both hot and cold water available? 0.949
If NO, which is not available? 0.949
Does the kitchen have a working dishwasher? 0.950
Is the refrigerator temperature within recommended range (<5°C)? 0.950
Does the refrigerator have a visible and accurate thermometer? 1.000
	
	
	
Kappa values for questions from the audit tool varied from -0.031 to 1.0, with the 
minimum acceptable level of agreement pre-set at kappa = 0.6.  Of the initial 52 
questions included in the audit tool, three questions had a kappa of less than zero, 
indicating the level of agreement between raters was less than what was expected by 
chance.  Eight questions had slight to fair agreement (к = 0-0.2) and twelve questions had 
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moderate levels of agreement (к = 0.41-0.60).  Seven questions had substantial levels of 
agreement (к = 0.61-0.80) and the remaining 16 questions had almost perfect agreement 
(к ≥ 0.81).  Many of the questions on the audit tool with moderate levels of agreement 
(0.41-0.60) related to the condition and cleanliness of countertops, sinks, cutting boards 
and refrigerators (Table 3).  These conditions, while undesirable, may not directly 
present a risk for foodborne illness.  At the same time a number of the questions that 
showed substantial agreement (0.61-1.0) were more likely to present a direct risk for 
pathogen contamination, cross contamination or growth.  These included availability of 
hot water, correct refrigerator temperature, perishable food left unrefrigerated and soap 
and towel/paper towel availability. 
2.3.3 Observations from the Domestic Environment 
Many conditions related to unsafe food handling behaviors were observed using 
the audit tool.  These results represent only a small number of homes (22), however 
indicate that the audit tool is capable of detecting a range of unsafe food handling 
conditions in the domestic environment.  Observations related to cleaning and sanitation 
revealed several potential risks, such as a lack of cleaning materials other than dish soap 
in 5% of homes audited (Table 4).  Food contact surfaces from kitchen sinks, counter 
tops, and refrigerator interiors were evaluated for cleanliness.  These items were observed 
to be unclean in 48%, 59% and 68% of homes, respectively.  Dishcloths and/or sponges 
were also rated for cleanliness and were reported unclean in 77% of homes.  Hot water 
was not available in 32% of homes, and four of the homes that did not have hot water 
also did not have a dishwasher. 
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Table 4.  Prevalence of unsafe food handling or storage conditions observed during 
pilot study 
Condition Observation Yes No
Cleaning materials available   95% 5%
Food contact surfaces of kitchen sink are clean 52% 48%
Food contact surfaces of counter tops are clean 41% 59%
Food contact surfaces of refrigerator interior are clean 32% 68%
Dishcloth/Sponge is clean 23% 77%
Hot water is available (>43°C) 68% 32%
Evidence of pest infestation 27% 73%
Animals present in areas where food preparation or consumption 
occurs 36% 64%
Cutting boards in good condition 86% 14%
Raw meat/fish/poultry (when present), stored above prepared and 
Ready-to-Eat (RTE) foods in the refrigerator 100% 0%
Raw meat/fish/poultry products stored in leak-proof containers 80% 20%
Ready-to-Eat foods packaged to avoid cross contamination 48% 52%
Meat thermometer available 20% 80%
Perishable food stored outside refrigerator 9% 91%
Refrigerator temperature within recommended range (<5°C)? 27% 73%
Raw meat/fish/poultry products in refrigerator within the use-by 
dates 83% 17%
	
	
	
Several conditions were observed that may increase risk of cross contamination in 
the domestic environment (Table 4).  Evidence of pest infestation, such as the presence 
of dead/live insects, mouse droppings, and/or presence of mouse/insect repellent, was 
observed in six homes (27%).  Pets were observed in areas where food is prepared or 
consumed in 36% of all homes (67% of the 12 homes that had pets).  Cutting boards with 
deep scratches or groves in their surface were found in 14% of homes.  Raw meat, fish or 
poultry was only observed in seven homes but was often stored incorrectly.  In these 
homes raw meat was always stored above Ready-to-Eat (RTE) foods in the refrigerator, 
and was stored in leak-proof containers in 80% of homes.  Additionally, RTE foods were 
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often stored in the refrigerator unwrapped or poorly wrapped with exposed areas of the 
food (52% of houses). 
Conditions related to time and temperature abuse of food were identified in a 
majority of the homes audited (Table 4).  Meat thermometers were found in six homes, 
however one did not have batteries and another was inaccurate.  Perishable food, 
including raw meat, and whipped cream, were observed outside the refrigerator in 9% of 
homes.  Raw food items that were past the use-by date were observed in 17% of homes.  
Refrigerator temperatures ranged from 2.4°C to 11.8°C, and thermometers were not 
present in any refrigerators.  Only 27% of refrigerators (n = 6) were below the 
recommended temperature of 5.0°C and 9% (n = 2) had temperatures greater than 10°C. 
2.3.4 Audit Tool Modifications 
The goal of this pilot test was to create a user friendly, reliable instrument that 
was appropriate to audit the domestic kitchen to be used in a larger study and potentially 
by other researchers.  Based on these results two types of modifications were required to 
create the final version of the audit tool – eliminating questions that were particularly 
cumbersome or not essential for the goals of the project, and eliminating questions with 
low reliability.  First, audit tool questions that were related to overall sanitation but 
considered least likely to contribute to the presence of foodborne pathogens in the home 
were eliminated.  Items that were considered least likely to be directly associated with the 
presence of pathogens included evidence of tobacco use in the kitchen, maintenance of 
trash cans, and cleanliness of kitchen appliances.  Questions that were particularly 
difficult and cumbersome to observe were also eliminated.  The draft audit tool contained 
22 questions in the Refrigerator/Freezer section, many of which required the rater to 
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spend a significant amount of time moving food items to look through the refrigerator.  
This task becomes extremely difficult with more than one rater and if the refrigerator is 
very full, so many items from this section were omitted in the final version. 
Only half of the questions from the audit tool met the standard for the minimum 
acceptable level of reliability determined prior to the onset of the study (kappa ≥ 0.6).  
Ten questions with low kappa scores were considered non-essential or cumbersome and 
eliminated right away.  The remaining 13 questions were considered particularly relevant 
to the goals of the study and necessary to include in the final instrument.  Six of these 13 
questions had a kappa score between 0.5 and 0.6 and were included “as is” in the final 
audit tool because kappa of above 0.5 is still considered a moderate level of 
agreement[159].  The seven remaining questions with low kappa scores were included in 
the final audit tool with slight modifications for clarification for auditors. 
In order to improve the reliability of questions that scored low in the pilot study 
the audit tool guidelines and instructions were also modified.  The original guidelines 
were several pages in length, making them difficult to refer to during inspections.  
Changes to the guidelines decreased the length to a single page and helped clarify 
subjective questions.  For example, the modified guidelines list exactly what criteria is 
necessary to consider a sponge or dishcloth dirty.  Another problem that occurred during 
the pilot study was the tendency of raters to overlook certain items, such as not looking in 
a specific drawer in the refrigerator for meat products.  The audit tool instructions have 
been modified to clearly state if the rater should look in specific locations to answer the 
question.   
2.3.5 Conclusions 
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This research has resulted in the development and validation of a user friendly, 
objective audit tool available with instructions for use (Supplemental material).  It is 
intended that researchers may therefore use this to identify unsafe food handling practices 
in the domestic kitchens of consumers.  Previous formative research with consumers of 
minority race and ethnicity [119] identified unique food handling practices among these 
consumers.  This audit tool is currently being utilized in a larger study to better 
understand potential risks for minority and urban consumers in their home kitchens.  It 
was developed, however, so that it could be used universally and eventually may allow 
researchers to compare risks in the home for consumers who represent a range of 
demographics or geographic locations. 
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CHAPTER 3:  VISUAL ASSESSMENT OF FOOD SAFETY HAZARDS 
PRESENT IN HOMES IN PHILADELPHIA, PENNSYLVANIA	
 
3.1 INTRODUCTION 
Consumer food handling behavior in the home is considered the final defense 
against foodborne illness [88, 89].  The total number of infections caused by food 
prepared in the domestic environment is not known, however evidence supports the 
assertion that consumers play a critical role in the prevention of foodborne illness.  Data 
from the Centers for Disease Control (CDC) report private homes as the second most 
common location associated with outbreaks of foodborne disease [7].  Food prepared at 
home is more likely to cause sporadic infections, which have higher rates of 
underreporting [91].  Pathogens may be introduced to the domestic environment via 
naturally contaminated raw foods, transfer from the environment (carried by animals or 
insects), or transfer from another person (fecal-oral contamination and aerosolization).  
Once contamination is present in the home the consumer must practice safe food 
handling behaviors to prevent foodborne illness [92].   
3.1.1 Food Safety Risks Present in the Domestic Environment 
The Food and Drug Administration (FDA) has identified behaviors that influence 
the survival and persistence of foodborne pathogens in the kitchen [69, 70].  Personal 
hygiene is necessary to control pathogens that are transferred by humans via fecal-oral 
routes, bodily fluids, or contact with exposed skin or sores, such as Escherichia coli, 
Shigella, and Staphylococcus aureus [71, 72].  Proper hygiene includes hand washing, 
avoiding food preparation when ill, and covering exposed areas of skin during food 
preparation [73].  Cross contamination is the transfer of pathogens from raw food 
(notably  Salmonellae, Campylobacter, Listeria and E. coli) to utensils, surfaces, or 
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ready-to-eat foods [75].  Cross contamination is controlled by separating raw and ready-
to-eat foods and by properly cleaning and sanitizing areas of contact [71, 76].  In 
laboratory experiments Salmonella, L. monocytogenes, C. jejuni, E. coli and S. aureus 
were able to transfer from dry surfaces up to several days post inoculation, increasing the 
time frame when cross contamination may occur [33, 77-79].   
Failure to cook raw foods to the correct internal temperature may allow naturally 
occurring pathogens, such as Salmonellae, Campylobacter, Listeria and E. coli, to 
survive in food [71].  It is recommended that consumers use a food thermometer when 
cooking meat and poultry to ensure the food is adequately cooked.  The USDA 
recommends holding food below 40°F or above 140°F to prevent growth of most 
pathogens [76].  Incorrect cooling and/or storage of food are associated with pathogens 
that can survive a wide range of temperatures, specifically Listeria and S. aureus [20].  
Hot leftover foods should be stored in small, shallow containers and placed immediately 
in the refrigerator to facilitate proper cooling [76]. 
3.1.2 Consumer Food Handling Behavior:  Personal Hygiene 
Behaviors related to proper cleaning and sanitation are necessary to prevent 
transfer of microorganisms between foods and surfaces.  These practices target objects 
that can carry or spread pathogens around the kitchen, such as hands, surfaces, utensils, 
and animals.  When asked about hand washing respondents frequently report correct 
behavior for only certain activities, such as washing hands before preparing food or after 
touching raw meat or chicken [116].  Other behaviors, such as washing hands after 
cracking raw eggs, and after activities such as handling animals, gardening, or changing 
baby diapers have much lower rates of compliance among consumers [85, 105, 116].  
These findings are at least partially supported by observational data.  Researchers in the 
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UK observed 91% of parents washed their hands with soap after using the bathroom, 
however in the same group only 42% washed with soap after changing a dirty diaper 
[117].  Interviews with participants identified lack of time, forgetting/being distracted, 
and lack of perceived risk as reasons for not practicing correct hand washing behavior 
[117].   
3.1.3 Consumer Food Handling Behavior:  Cleaning and Sanitation 
Cleaning and sanitation of food preparation surfaces and utensils is also necessary 
to prevent survival and transfer of pathogens on these items.  The United States 
Department of Agriculture (USDA) recommends using cleaning with hot, soapy water, 
followed by use of diluted bleach as a sanitizer [118].  A variety of incorrect methods 
have been reported by consumers when asked to describe cleaning techniques, such as the 
use of baking soda, vinegar, and/or lemon juice to sanitize surfaces [85, 97, 105].  
Additionally, consumers report overuse of bleach [119] and lack of soap or hot water 
when washing hands and dishes [120-122]. 
3.1.4 Consumer Food Handling Behavior:  Prevent Cross Contamination 
In order to prevent cross contamination, raw meat, fish, and poultry must be kept 
separate from ready to eat foods and other surfaces [76].  These practices are especially 
important during preparation of raw foods, and are often neglected by consumers during 
observational studies.  Self-reported data indicates that the majority of consumers 
incorrectly store raw meat above prepared foods in the refrigerator, in which case 
drippings from the raw meat may contaminate other food in the refrigerator [105, 124, 
125].  Another behavior that may contribute to the spread of pathogens in the domestic 
environment is washing raw meat and poultry at the kitchen sink.  This practice, 
described as “Very Important” by 83% of consumers, can cause aerosolization of 
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microorganisms and subsequent contamination of nearby RTE foods or other surfaces 
[119, 126]. 
3.1.5 Consumer Food Handling Behavior:  Proper Heating and Cooling of Food 
Results from survey data indicate consumers often do not follow recommended 
guidelines for heating food.  Consumers report consumption of several types of raw and 
undercooked foods, including eggs, fish, beef, and shellfish [85, 116].  The majority of 
consumers use some method other than temperature (i.e., smell, appearance, texture) to 
determine doneness of meat [85, 105, 127].  Low compliance for this behavior may be 
due to a lack of knowledge (consumer does not know correct temperature), personal taste 
preferences (consumer likes meat cooked “rare”), a lack of resources (consumer does not 
own a food thermometer), or a combination of factors [126].    Some studies report 
contradicting results within a single group of subjects, possibly indicating a lack of 
consumer food safety knowledge causing the participant to answer survey questions 
sporadically.  One such study found that although 90% of subjects were aware of the link 
between E. coli and undercooked hamburger, only 13% considered consumption of runny 
eggs a risky behavior, and 77% considered visual appearance a moderately-to-very 
effective measure of hamburger safety [126].  Furthermore, when observed preparing 
food only one participant (3%) used a thermometer to check the doneness of a hamburger 
[126].   
Many consumers allow leftover food to cool at room temperature for more than 
two hours, and in some cases even overnight [125, 127, 128].  Refrigerated leftovers 
should not be stored in large, deep containers because it prevents the food from cooling 
quickly, however this practice has been reported by up to 80% of consumers [129].  
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Between 21-84% of consumers report thawing frozen meat unsafely, either at room 
temperature or in standing water [85, 105, 122, 127].   
3.1.6 Comparison of Methods to Evaluate Food Handling Behavior 
A variety of methods have been used to evaluate characteristics and behaviors of 
consumer homes that may be relevant to food safety hazards.  Self-reported behavior, 
observed behavior, observed conditions, and visual inspections (audits) represent the 
most common methods described. Table 5 summarizes these methods and their use in 
consumer food safety studies.  Distinguishing between observed behaviors, conditions 
and audits provides a more accurate description of these methods.  Other studies have 
used simple rating techniques, such as a 1-5 Likert scale to evaluate cleanliness of a 
surface, and describe the study as an “audit”.  An actual audit is more complex – 
According to the International Organization for Standardization (ISO) an audit is defined 
as “a systematic, independent and documented process for obtaining evidence and 
evaluating it objectively to determine the extent to which audit criteria are fulfilled” 
[131].  Limitations and benefits exist for each of these methods, and must be evaluated 
before designing a research study. 
The majority of studies utilize survey questionnaires to collect self-reported data 
on consumer perceptions, knowledge, and behavior [164].  Although this method is the 
most common form of evaluation, the results may lack accuracy and reliability.  Self-
reported data represent the participant’s own interpretation of the experience, which may 
or may not be accurate.  The reliability of self-reported behavior is dependent on the 
ability of the participant to recall and report his or her actions correctly and without bias.  
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Comparison of self-reported and observed behaviors within a group of subjects often 
report poor agreement between results obtained with each method [120, 121, 142].   
 
 
Table 5.  Methods to evaluate food safety hazards in consumer homes 
Method Description Comparisons 
Self-Report 
Behavior  
(N=33) 
Self-reported data from consumer (i.e., survey, 
interview, focus group) [80, 81, 85, 93, 94, 96, 97, 
102, 103, 105, 109, 115-117, 119-122, 124, 127, 132-
144] 
Obs Behav: 6 
Conditions: 5 
Audit: 2 
   
Observed 
Behavior 
(N=11) 
Direct observation of consumer performing some type 
of behavior (i.e., food preparation, hand-washing) [95, 
117, 120, 121, 126, 134, 137, 138, 142, 145, 146] 
Self-Report: 6 
Conditions: 1 
Audit: 1 
   
Observed 
Conditions 
(N=8) 
Record some aspect(s) of the environment based on 
pre-determined criteria (i.e., refrigerator temp, use a 
simple rating scale to evaluate criteria, record 
presence of a certain item) [96, 103, 105, 109, 133, 
138, 144, 147] 
Self-Report: 3 
   
Audit/Visual 
Assessment 
(N=5) 
Use of structured and objective checklist to record the 
presence of items in the home, based on clearly 
defined guidelines [127, 133, 141-143] 
Self-Report: 2 
Obs Behav: 1 
 
 
 
 
Direct observation is widely considered the more reliable method to evaluate 
consumer food handling behavior [146, 148].  In these studies researchers observe each 
step of the meal preparation process from start to finish, recording specific types of 
mishandling that occur.  Although generally considered a more accurate measure of 
behavior, there are several drawbacks to observational studies.  Any type of observation 
has the potential to alter a subject’s behavior, so the research design must ensure the 
participant performs his or her “usual” behavior as opposed to a perceived “correct” 
behavior [149].  This phenomenon, known as the Hawthorne Effect, has been well 
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documented [150].  It is also difficult to systematically observe intricate, multi-step 
behaviors, such as meal preparation [151].  This complexity also limits the ability to 
compare results between studies.  Though following the same basic method, small 
differences in design (such as type of meal prepared, use of a model kitchen vs. actual 
home, and level of instruction provided) make it difficult to form overall conclusions 
from these results. 
The ubiquitous use of audit tools to evaluate the safety of foodservice facilities 
has encouraged the development of similar tools to study the domestic environment.  This 
type of visual inspection is especially useful to study consumer households because, 
unlike survey questionnaires and behavior observation, it records the presence of 
conditions that are physically tangible and clearly evident without room for 
interpretation.  To date only five studies have used this method to evaluate consumer 
homes.   
Daniels et al. developed a tool based on the FDA Food Code to evaluate 
consumer behavior and environmental conditions during inspection of the domestic 
environment [152].  Between 1997 and 2000 the tool was used to evaluate consumer 
homes, and after each year the method was refined and modified to improve its use [153].  
In 2000 this instrument was used to document the frequency of unsafe conditions in 115 
homes in 74 metropolitan areas of the U.S.  Results from this study found 24% of homes 
met the criteria for acceptable conditions, averaged 1.6 critical violations per home, and 
74% had at least one critical violation recorded [153].  The most common critical 
violations observed were improper food preparation techniques (26%, example: raw food 
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left at room temperature), cross-contamination (25%, example: storage of RTE foods 
above raw foods), and improper cooling of leftovers (24%) [153].   
In 2001 Larson et al. describe use of an audit tool to evaluate the relationship 
between home hygiene and infectious disease symptoms in Hispanic consumers [140].  
These authors describe their tool in less detail than Daniels et al., however they do 
provide information about reliability and validity tests to assess the instrument, as well as 
training methods for raters [140].  This particular audit tool focused specifically on 
recording the brand and type of cleaning products used throughout the home, in addition 
to the presence of food remnants, mold/scum, dirty dishes and soiled laundry in the home 
[140].  Observed cleanliness was very high compared to other studies, between 85-94% 
of surfaces (food preparation areas, bathroom and kitchen sinks, and showers) were rated 
visibly clean [140].  It is unclear whether these high scores are due to homes that were 
actually clean or lack of rigorous guidelines for measurement.  
 In 2007 a home kitchen audit instrument was developed and used to evaluate 
conditions present in the homes of 150 college students [154].  Like the audit tool 
developed by Daniels et al. in 2007, this instrument was also based on the FDA Food 
Code.  The tool provided a standardized form to report observations related to kitchen 
and appliance cleanliness, availability of cleaning supplies, thermometer use, cold food 
storage, dry food storage and storage of chemicals.  Results from the study indicate the 
greatest lack of compliance with items related to appliance cleanliness, cold food storage, 
and temperature control [154].  The majority of results from this study were reported as 
an overall score for each section of the audit instrument.  This method makes it 
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impossible for the reader to identify prevalence and compliance for particular items 
included in the audit.  
3.1.7 Statement Of Problem & Justification 
Many differences exist between the various methods described to evaluate 
consumer homes, each with advantages and disadvantages.  The lack of agreement 
between self-reported and observed behavior is clear, as is the high proportion of studies 
that utilize self-report data.  These factors identify a gap in the current body of literature 
and a need for more reliable data to describe consumer food handling behavior.  Direct 
observation of consumer behavior may provide more accurate results, however this study 
design is more useful to describe a specific aspect of behavior.  It would be difficult to 
develop an observational study to record a wide variety of behaviors without creating an 
unrealistic laboratory-like model kitchen.  A visual assessment using a standardized audit 
tool has the ability to reliably document the presence of unsafe practices of consumer in 
their “natural habitat.”  This method has been under-utilized among this population and 
warrants further study. 
While a visual assessment may represent an ideal method to evaluate consumer 
homes, this cannot be done with the audit tools that have been previously described.  The 
instrument designed by Byrd-Bredbenner et al. uses a complicated scoring system shared 
by only one other (related) study, which makes it difficult to compare the findings to 
other research [134, 154].  For this reason, as well as the fact that this audit tool was 
particularly designed to observe homes of young adults, this instrument is not able to be 
utilized to study a more general population.  The other two audit tools described above 
also lack necessary qualities.  The instrument developed by Larson et al. focuses on only 
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one specific behavior (cleaning/sanitation), and is therefore unable to describe a wide 
range of potential food safety hazards.  The audit tool described by Daniels et al. may be 
useful to describe a wide range of conditions, however the study was published by an 
international auditing company and their materials are not available to the public.  There 
are also no data available regarding the reliability and validity of this tool, which is a 
crucial aspect of a measurement instrument.   
Based on these results, there is a need to develop a reliable audit tool that can 
be used to evaluate a range of conditions present in consumer homes.  Once a 
standard method is developed it can be utilized by multiple researchers in this field to 
investigate consumer food-handling behavior.  The purpose of the research reported here 
is to utilize the previously piloted audit tool [165] to detect unsafe food handling 
conditions present in the homes of 100 consumers in an urban setting. 
3.2  Materials & Methods  
All materials and methods used in this study were approved by Drexel 
University’s Institutional Review Board (IRB).  Informed consent was obtained from all 
participants before participation (Appendix 1).  These documents listed all aspects and 
associated risks of the study, which were thoroughly explained by the researcher before 
the participant signed the form. 
3.2.1 Sample Size 
This study took place as part of a larger research project, which included 
collection and analysis of microbiological samples from consumer homes in addition to 
the visual inspection described here.  The study was designed to last a full 12 months 
throughout which homes were visited at a relatively constant pace.  These measures were 
taken to mitigate the effects of changes in ambient temperature between seasons on 
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microbiological data [166].  It was estimated that a maximum of eight or nine homes 
could be visited each month, due to the amount of time necessary to process 
microbiological samples.  Based on these factors the goal for enrollment was set at 100 
homes.  The minimum acceptable level of agreement between raters was set at kappa = 
0.5, which will provide adequate significance and power (α = 0.05, β = 0.20) for a study 
this size [162].   
3.2.2 Recruitment and Eligibility 
A representative sample of residents from Philadelphia, PA was recruited to 
participate in a study to describe characteristics of domestic kitchens in an urban 
community.  Targeted sampling techniques have been used to characterize a target 
population, utilizing pre-existing information and ethnographic data to form a clear 
depiction of the group [167].  This technique was used to identify key demographics 
necessary to describe the target population - The most recent census data available for 
race/ethnicity and household income in Philadelphia County served as a goal for the 
sample population (Table 6).  Based on these census data, an enrollment plan with quotas 
for racial/ethnic and income characteristics was developed.   
Census data was used to identify sections of Philadelphia that had either high 
representation of a single characteristic (i.e., 90% of the population is Asian) or that 
closely represented the demographics of Philadelphia county as a whole.  A list of local 
business and public locations within these areas was created, and used to guide the 
placement of advertisement materials.  Racial/ethnic and income characteristics were 
monitored throughout the study, and recruitment locations were updated as necessary to 
meet the quota objectives.  Flyers were posted in a total of 34 locations throughout 
Philadelphia (local businesses, supermarkets, libraries, and community centers).  Word of 
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mouth from participants also represented a significant source of advertisement for this 
study and supplemented these recruitment efforts. 
 
 
Table 6.  Key Demographics of the Target Population, from U.S. Census Bureau 
2008-2012 American Community Survey 5-Year Estimates [168] 
Philadelphia, PA 
Race/Ethnicity 
African American 42%
Non-Hispanic Caucasian 37%
Hispanic/Latino 12%
Asian 6% 
Other 3% 
 
Household Income 
Below $15,000 23%
$15,000 - $24,999 13%
$25,000 - $49,999 25%
$50,000 - $74,999 16%
$75,000 and above 22%
 
 
 
The advertisement poster included a brief description of the eligibility criteria, 
time commitment, and compensation ($50 cash) offered for participating in the study 
(Appendix 2).  Volunteers were instructed to contact the researcher if they were 
interested in participating.  Potential subjects who contacted the researcher were told the 
purpose of the study was to observe food preparation and storage habits in consumer 
homes, and were discouraged from preparing or cleaning their home differently than 
usual (Appendix 3).  Volunteers who were still interested were then screened for 
eligibility based on the following criteria:  18 years of age or older; lives in Philadelphia 
county; prepares food at home at least three times per week; willing to allow researchers 
to visit their home and collect data (Appendix 3).  Eligible participants were enrolled in 
the study and were asked to schedule an appointment for their home visit at this time.  
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Phone calls were made to participants several days before their scheduled visit to remind 
them about their appointment.   
Appointments were scheduled on a first come, first serve basis.  To simplify the 
scheduling process, significant effort was made to restrict appointments to Mondays, 
between the hours of 8 am and 8 pm.  The study was advertised and took place over 12 
months, from January to December 2013.  During this time a total of 151 individuals 
initiated contact with researchers about this study.  Of these, seven (5%) refused to 
participate after the study was explained to them, nine (6%) did not meet established 
eligibility requirements and were excluded, four (3%) were interested and eligible, but 
could not participate because of scheduling conflicts, and 31 (21%) could not be reached 
by phone to discuss the study.  A total of 100 subjects were enrolled and completed the 
study, which accomplished the pre-determined goal for sample size.   
3.2.3 Description and Use of Audit Tool 
A domestic food safety audit tool was previously developed and pilot tested in 
consumer homes to determine the reliability and functionality of the instrument [165].  
This tool was revised according to the results of the pilot test, eliminating questions that 
were unreliable or not essential for the goals of the project, and the published version was 
used in this study [165]  Seven questions from the original audit tool were considered 
necessary and were included in the final audit tool despite low kappa scores.  Final 
modifications were made to the audit tool guidelines and instructions to improve 
functionality and reliability of the assessment [165].  Guidelines were reduced in length 
to a single page and additional instructions were added, clearly stating when the rater 
should look in a particular location to observe a construct.  The main focus of the revised 
guidelines was to establish specific criteria and conditions necessary to consider a food 
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preparation surface clean or dirty (Appendix 5).  A goal of this research was to determine 
if these modifications, which were included in the final version of the audit tool [165], 
were successful in increasing the reliability and kappa scores of these questions.   
The published instrument contained 34 items (21 main questions and 13 sub-
questions) pertaining to four areas of the home:  general kitchen, kitchen sink, 
refrigerator/freezer, and bathroom (Appendix 4).  Most items on the final version of the 
audit tool were closed-ended questions containing only two or three response options.  
Some open-ended questions were also included to provide additional description when 
necessary.  Each group of questions was followed by a section for comments, where the 
researcher was encouraged to clarify their responses and/or record other observations 
relevant to domestic food safety.   
The General Kitchen section contained nine total items about the overall state of 
the kitchen, such as whether pets were present, if there was evidence of pest infestation, 
and if cleaning materials were available.  The Kitchen Sink section also contained nine 
items, pertaining to the availability of hot water, soap, and paper towels, as well as the 
cleanliness of the sink and sponges.  Kitchen water temperature was measured by running 
water into a container with an immersed thermometer (Ever-Safe Standard Laboratory 
Thermometers Partial immersion (76mm), −4 to 230 °F; Ertco; Lafayette, NJ, USA).  
This was done for five minutes, or until the water temperature reached 110°F, whichever 
came first. 
The Refrigerator/Freezer portion was the third and longest section, containing 
seven questions and multiple sub-questions.  Here the rater evaluated the cleanliness of 
the refrigerator (interior and exterior) as well as compliance with recommended food 
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storage guidelines for raw and ready-to-eat (RTE) foods.  The temperature of the 
refrigerator was measured with a pen-style infrared thermometer (VWR International; 
West Chester, PA, USA) held approximately two inches away from a food container as 
close to the middle of the refrigerator as possible.  This was done immediately after 
opening the refrigerator door for the first time and recorded by each rater.  The final 
section contained two questions about bathroom hygiene, and was only included for 
homes in which a bathroom was present on the same floor as the kitchen.  
3.2.4 Observation of Domestic Environment 
In addition to documenting unsafe food handling conditions in consumer homes, a 
second objective of this study was to evaluate the inter-rater reliability of the revised 
audit tool.  For this reason consistency and uniformity were emphasized while training 
raters to conduct the visual assessment.  At the beginning of this study a training session 
was held to discuss and review each aspect of the audit tool, as well as the accompanying 
guidelines.  The audit tool guidelines provided supplementary information to clarify 
certain terms used throughout the tool, for the purpose of improving consistency between 
raters (Appendix 5).  Informal training sessions were held periodically throughout the 
duration of the study to review the guidelines and protocol for using the audit tool.   
All data collection was completed by the same two researchers, who used the 
audit tool to independently record observations in the home.  The auditors did not discuss 
their observations with each other, and were only permitted to consult the audit tool 
guidelines to determine how to evaluate the conditions present.  From start to finish the 
visual inspection took approximately 15 minutes to complete.  Following data collection 
each participant was compensated $50 for their time, and was given information about 
the study to share with friends and family who were interested in participating.  Subjects 
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also received a packet of food safety material containing an individualized list of 
recommendations to improve the safety of their kitchen.   
3.2.5 Data Management and Analysis 
To protect the privacy of the participants all personal information (names, 
telephone numbers, and addresses) was stored on a password-protected computer.  After 
each visit all unique information (except census tract location) was erased and a random 
five-digit code was used to identify the home.  Per IRB protocol, signed consent forms 
were the only document that contained both the participant’s name and the random five-
digit code.  These forms were kept separate from all other data, in a locked cabinet with 
limited access.   
Responses to audit tool questions were numerically coded and entered into an 
Excel spreadsheet.  Electronic data were compared to original records to check for 
consistency and correct errors in data entry.  The kappa statistic was calculated to 
evaluate inter-rater reliability of closed-ended audit tool questions, as described in the 
pilot study [165].  Questions were considered reliable if the kappa score was ≥ 0.5.  
Comparisons between demographics and observations were evaluated using independent 
t tests, cross-tabulations, and Pearson’s Chi-Square. All values were calculated using the 
Statistical Package for the Social Sciences (SPSS), release 20.0.0, for Windows 7 Home 
Premium (IBM SPSS Statistics 20, IBM Corporation).   
Compliance with recommended food safety guidelines was calculated for audit 
tool questions with adequate reliability.  Because the visual assessment was completed by 
both raters in all homes, each audit tool criterion was observed 200 individual times.  A 
compositional data model was used to combine individual results into a valid, group-level 
construct [169].  For the sufficiently reliable questions, necessary and exact conditions 
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were defined to specify how to summarize group characteristics [169].  For example, if 
only one rater identified pest infestation in a home, that condition was still considered 
present in the home.  In this example disagreement is more likely caused by a difference 
in observation (one rater sees a mouse, the other does not) rather than by a difference in 
judgment (one rater thinks mice are pests, the other does not).  The prevalence of 
conditions that are more subjective and/or had high levels of disagreement between raters 
are provided as positive only if both raters agreed.  This method was chosen as a 
conservative estimate of actual observations, and a sensitivity analysis will be completed 
to compare this method with more robust measures. 
3.3 Results 
3.3.1 Participant Demographics 
A total of 100 subjects from 71 census tracts in Philadelphia completed this study 
(Figure 1).  Participants were mostly female (86%) and represented a wide variety of 
ages, education levels, economic statuses, and racial/ethnic backgrounds (Table 7).  
Subjects varied in age from 18 to 84 years old, with the highest proportion (29%) falling 
in the 45-54 range.  The most commonly reported annual income was below $15,000 
(25%), and African American was the most common race/ethnicity (47%).  Chi-Square 
goodness-of-fit tests show no significant differences between the sample and population 
(Philadelphia, PA) patterns for race/ethnicity (χ2 GoF = 6.203, df = 4, p = 0.18).  The 
sample pattern for household income level was significantly different than the population 
pattern, due to a greater representation of low-income subjects (χ2 GoF = 15.341, df = 4, 
p = 0.004).   
 
 
	 71
 
 
 
Figure 1.  Map of Philadelphia, PA (census tracts of participants in black)  
 
 
 
Education level was almost evenly split between participants who had completed 
college (41%) and participants who had completed up to high school/GED (43%).  When 
asked what language was used at home, 8% of subjects reported speaking a language 
other than English at home at least half of the time.  The majority (60%) of participants 
had experience working in the food service or food industry, either from previous or 
current employment.   
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3.3.2 Inter-Rater Reliability of Audit Tool 
Table 8 shows the kappa scores for inter-rater reliability of 27 audit tool 
questions.   
 
 
Table 7.  Demographics of Sample Population 
 (N=100)
Race/Ethnicity  
African American 47% 
Caucasian (Non-Hispanic) 39% 
Hispanic, Latino or Spanish 12% 
Other 2% 
 
Total Household Income*  
Below $15, 000 27% 
$15,000 - $24,999  21% 
$25,000 - $49,999 19% 
$50,000 - $74,999 23% 
$75,000 and above 10% 
  
Age Range  
18-24 10% 
25-34 18% 
35-44 19% 
45-54 29% 
55-64 19% 
65 and above 5% 
  
Highest Level of School Completed  
Primary, or less 5% 
High School/GED 43% 
Technical/Vocational Degree 2% 
College Graduate (4 years) 41% 
Advanced Degree: MD, PhD, etc. 9% 
*-Household income was calculated as a percent of 91 responses, rather than 100.  Nine 
participants did not respond to the question. 
 
 
Kappa values ranged from 0.219 to 1.000 (fair to near-perfect reliability), and the 
majority (80%) of questions were considered substantially reliable by common standards 
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(kappa ≥ 0.6) [159].  Only four questions scored below the pre-determined goal for 
moderate reliability (kappa = 0.5).   
 
Table 8.  Kappa Scores of Audit Tool Questions 
Question Kappa 
Do food contact surfaces of kitchen sink appear clean? 0.219 
Do food contact surfaces of refrigerator exterior appear clean? 0.299 
Do food contact surfaces of counter tops appear clean? 0.450 
Does refrigerator have a visible and accurate thermometer? 0.487 
Do sponges/dishcloths appear clean? 0.516 
Do food contact surfaces of refrigerator interior appear clean? 0.566 
Are RTE foods packaged to avoid cross contamination? 0.641 
Are sanitizing and/or disinfecting cleaners available? 0.651 
Is there evidence of pest infestation? 0.675 
Are raw meat/fish/poultry within the use-by dates? 0.688 
Are cutting boards worn with deep grooves or cracks in the surface? 0.720 
Is soap available near the kitchen sink? 0.795 
Is either one-use paper towels or a designated hand towel available near the 
kitchen sink? 0.796 
Do cutting boards appear clean? 0.825 
Are raw meat/fish/poultry stored in leak-proof containers? 0.834 
Are raw meat/fish/poultry stored below ready-to-eat foods? 0.845 
Are cutting boards present? 0.860 
Are animals present in areas where food preparation/consumption occurs? 0.882 
Are dishes, kitchenware or utensils present in kitchen sink? 0.913 
Is any perishable food stored outside of the refrigerator? 0.924 
Are raw meat/fish/poultry present in the refrigerator? 0.931 
Is either one-use paper towels or a designated hand towel available near the 
bathroom sink? 0.964 
Does the kitchen have a working dishwasher? 0.978 
Is soap available near the bathroom sink? 0.981 
Are sponges/dishcloths present near kitchen sink? 1.000 
Are both hot and cold water available? 1.000 
Is refrigerator temp. within recommended range (≤40°F)? 1.000 
 
 
 
As expected, questions that required raters to evaluate the cleanliness or condition 
of food preparation surfaces were the most unreliable (Table 8).  These questions are the 
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least objective items on the audit tool and require subjective input from the rater; 
therefore the level of agreement is determined by the degree of similarity between each 
rater’s interpretations of the construct.  Questions regarding the cleanliness of kitchen 
sinks, refrigerator exteriors, and counter tops scored below the acceptable level of 
agreement, while questions regarding the cleanliness of refrigerator interiors and 
sponges/dishcloths scored almost as low (kappa between 0.5 – 0.6).   
With a few exceptions, questions with low reliability correspond to greater 
frequency of disagreements between raters.  One such exception is the fourth question on 
Table 8 (Does refrigerator have a visible and accurate thermometer?).  This question 
should be straightforward to answer, yet it has a moderately low kappa score of 0.487.  
Despite this low measure of reliability the disagreement frequency is only 3% - meaning 
raters agreed in their assessment of this item 97 out of 100 times.  Certain characteristics, 
such as prevalence of an attribute being rated, affect the calculation and magnitude of the 
final score, making the results difficult to interpret.  For attributes rated as either positive 
or negative, a disproportionately high or low number of positive responses increases the 
possibility that chance agreement will occur [159].  Because the kappa coefficient is 
meant to calculate agreement beyond that expected by chance, the increased likelihood of 
chance agreement reduces the final kappa score.  In this example the majority of 
refrigerators did not have a thermometer; the high frequency of negative ratings increased 
the expected agreement by chance, which caused even a small number of disagreements 
to have a large effect on kappa score. 
3.3.3 Improvement of Audit Tool Measures 
A second objective of this study was to determine if modifications made to the 
audit tool following the pilot study (described previously, [165]) improved inter-rater 
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reliability of this instrument.  This was determined by comparing the change in kappa 
scores of the seven questions modified for use in the audit tool.  As shown in Table 9, 
modifications improved agreement between raters for six out of seven audit tool 
questions. 
 
 
 
Table 9.  Effect of Modifications Made to Questions from the Draft Audit Tool 
Question Original Kappa 
Revised 
Kappa 
Do food contact surfaces of refrigerator exterior appear clean? 0.163 0.299 
Do food contact surfaces of counter tops appear clean? 0.485 0.450 
Are ready-to-eat (RTE) foods packaged to avoid cross 
contamination? 0.121 0.641 
Is there evidence of pest infestation? 0.421 0.675 
Is soap available near the kitchen sink? -0.012 0.795 
Is either one-use paper towels or a designated hand towel available 
near the kitchen sink? -0.031 0.796 
Are raw meat/fish/poultry stored in leak-proof containers 0.181 0.834 
 
 
 
3.3.4 Observation of Unsafe Food Handling Conditions 
Results from the visual assessment were used to evaluate the participant’s 
compliance with recommended food safety guidelines (Table 10).  This method was able 
to document conditions related to many types of food handling behavior, including a lack 
of cleaning/sanitizing tools, failure to separate raw and ready-to-eat (RTE) foods, and 
improper cooling/storage of perishable foods.  The majority (96-98%) of homes had 
access to soap and hot water in the kitchen at the time of the audit.  These items are 
necessary to wash hands, kitchen utensils, and food preparation surfaces correctly.  A 
larger proportion of homes lacked cleaning materials (12%) or paper towels in the 
kitchen (29%), or hand towels in the bathroom (15%).  The specific type of hand drying 
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material present was recorded to determine differences between paper towels and hand 
towels.  Most (61%) of homes had both paper and hand towels present, and 9% had 
neither.  An additional 10% had only paper towels, and 20% had only hand towels.  
These items are also related to the effectiveness of cleaning and washing up, and may 
prevent the survival and/or transfer of microbial contamination. 
 
 
Table	10.		Food	Safety	Hazards	and	Conditions	Observed	in	Consumer	Homes		
Food	Safety	Violation	 %	Homes	(N=100)
No	soap	available	at	bathroom	sink	 2	*
No	hot	water	in	home	 3
No	soap	available	at	kitchen	sink	 4
Lack	of	towels	(paper	or	cloth)	in	kitchen	 9
Sanitizing	and/or	disinfecting	cleaners	not	available	 12
Lack	of	paper/hand	towels	in	bathroom	 15	*
Perishable	food	stored	outside	of	the	refrigerator	 16
Cutting	boards	appear	dirty	 23*
Animal(s)	present	in	food	preparation/consumption	area	 27
Raw	meat/fish/poultry	past	use‐by	date	 27*
Lack	of	paper	towels	in	kitchen	 29
Raw	meat/fish/poultry	present	in	home	 33
Refrigerator	temperature	above	40°F	 48
Lack	of	cutting	boards	in	kitchen	 49
Raw	meat/fish/poultry	packaged	incorrectly	 55	*
Ready‐to‐eat	(RTE)	foods	packaged	incorrectly	 57
Evidence	of	pest	infestation	 65
Dishes,	kitchenware	and/or	utensils	present	in	kitchen	sink	 66
Cutting	boards	are	worn	with	deep	grooves/cracks	in	the	surface	 76	*
Raw	meat/fish/poultry	stored	above	RTE	foods	 97	*
*‐Frequency	calculated	as	a	percentage	of	the	number	of	homes	with	the	necessary	
condition	(Raw	meat	was	present	in	33	homes,	cutting	boards	were	present	in	50	
homes,	only	bathrooms	located	on	the	same	floor	as	the	kitchen	were	observed,	48	
homes.	Kitchen	dishcloths/sponges	were	evaluated	in	96	homes).	
	
	
Table	11 includes data to describe the prevalence of conditions that raters 
frequently disagreed upon. – the cleanliness off surfaces in the kitchen.  The first two 
	 77
columns include the reported prevalence by each rater (coded A and B), followed by the 
percentage of times raters were in agreement (“Both observe”).  The last column 
estimates prevalence based on if either rater reported presence of the item (“Either 
observes”).  The more conservative measure (“Both observe”) has been used in these 
analyses to reduce the likelihood of reporting false positive results.  
	
	
	
Table 11.  Observation Data for Sensitivity Analysis 
	 %	Homes	(N=100)*	
Food	Safety	Violation	 Observer	A	
Observer	
B	
Both	
Observe	
	Either	
Observes
Sponges/dishcloths	are	dirty	(N=95)	 72	 66	 60	 78	
Refrigerator	interior	is	dirty	 56	 73	 52	 77	
Kitchen	sink	is	dirty	 85	 92	 82	 95	
Refrigerator	exterior	is	dirty	 72	 83	 70	 85	
Counter	tops	are	dirty	 48	 70	 46	 72	
*‐Frequency	calculated	as	a	percentage	of	the	number	of	homes	with	the	necessary	
condition.	
 
 
 
The cleanliness of several food contact surfaces was documented, including 
kitchen sinks, sponges/dishcloths and refrigerator interiors.  These items were considered 
clean only if both raters agreed in their evaluation of the item.  Of these surfaces, kitchen 
sinks were reported unclean most often (82% of homes), while counter tops had the least 
reported violations (46%).  Two additional criteria were indirectly related to the 
cleanliness and sanitation of surfaces:  the presence of animals in the kitchen and 
evidence of pest infestation.  An animal was present in the kitchen or dining area during 
27% of inspections, while pet toys, food bowls, and accessories were present in an 
additional 18% of kitchen/dining areas.  Pest infestation was defined as the presence of 
any of the following:  insects or rodents (besides pets), either living or dead; material 
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created by pests (droppings, nests, webs); items used to eliminate or repel pests 
(mouse/insect traps, poison treatments).  Evidence of pest infestation was observed in 
65% of homes, including the presence of insects (n=27, 42%), insect repellent, poison, or 
traps (n=35, 54%), mouse droppings (n=6, 9%), and mouse poison/traps (n=9, 14%).  
Ants were found most often in consumer homes, but cockroaches, fleas, flies, beetles, 
mosquitos, and spiders were also observed.  The presence of either pets or pests in food 
preparation areas may increase likelihood of fecal-oral contamination, as well as transfer 
pathogens from the outside environment into the home. 
In order to prevent the spread of pathogens found on raw meat, fish and poultry it 
is necessary to separate these foods from ready-to-eat (RTE) items.  Secure packaging for 
both raw and RTE foods is recommended to prevent transfer of contamination from 
contact with exposed surfaces.  RTE foods were packaged incorrectly in 57% of 
consumer refrigerators.  Contact with exposed surfaces ranged from minor tears in 
packaging, to direct placement of RTE food on refrigerator shelves.  Raw 
meat/fish/poultry were packaged incorrectly in 55% of homes where raw meat was 
present, and also ranged in severity of exposure.  In home raw meat was stored only in a 
plastic grocery bag, with no other packaging.  Because even correct, secure packaging is 
vulnerable to rips and tears, raw meat should be stored below RTE foods in the 
refrigerator.  This behavior was the most frequently observed violation, present in 97% of 
homes with raw meat.  Leaking juice from packaged raw meat was observed in two 
refrigerators, emphasizing the need for correct storage of these items.   
Correct storage time and temperature may control growth of pathogens in food 
and inhibit survival of pathogens on food contact surfaces.  Raw meat products were 
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inspected to determine if the item was within the recommended use-by date.  When 
present raw meat was within the use-by date in 42% of homes, while 27% were kept past 
the appropriate date and 30% had not date label at all.  Although not included as an audit 
tool question, the presence of high risk Ready-to-Eat (RTE) foods kept past the use-by 
date was also recorded, and present in three homes (expired items included unpasteurized 
cheese, freshly sliced lunch meat, and seafood salad).  Raw meat/ poultry and Ready-to-
Eat foods were stored incorrectly at room temperature in 16% of homes.  RTE foods, 
including leftovers and pre-cut fruit, were observed in 11 homes, and raw meat or poultry 
was observed in six homes (one home had both raw and RTE foods present at room 
temperature).  In one extreme example RTE leftover foods were kept at room temperature 
for four days – the turkey and food items from Thanksgiving dinner were observed in the 
home on the following Monday.   
Another common temperature violation observed in consumer homes was 
incorrect refrigeration practices.  Among the 100 homes assessed in this study, 
temperatures ranged from below freezing (26°F), to very warm (53.6°F), with a mean of 
39.7°F.  Almost half (48%) of homes had a refrigerator that was too warm (≥40°F), of 
which 38% had moderately high temperatures between 40.1 – 45.0°F.  Only 10% of 
homes had refrigerator temperatures above 45.0°F, however, this condition may pose a 
serious food safety risk, especially for vulnerable populations. 
3.3.5 Differences in Consumer Behavior Associated with Demographics 
Demographic characteristics of participants were compared to observation data to 
determine if particular groups were more likely to practice unsafe food handling 
behavior.   
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Table 12.  Selected Differences in Food Handling Behavior Associated with 
Demographics (for full list, see Appendix 6) 
Race/Ethnicity    
Observation Caucasian All Other χ2  Sig.
Evidence of pest infestation 49% 75% 7.450 p = 0.006
Animal in kitchen during inspection 44% 16% 8.927 p = 0.003
No dishwasher at home 44% 79% 12.882 p = 0.001
Lack cutting board in kitchen 31% 61% 8.503 p = 0.004
Kitchen sink is dirty 69% 90% 7.063 p = 0.008
Refrigerator exterior is dirty 41% 59% 3.085 p = 0.079
Refrigerator interior is dirty 59% 77% 3.701 p = 0.054
RTE food packaged incorrectly 44% 66% 4.691 p = 0.03
Income Level (Annual/Household)     
Observation < $15,000 All Other χ2  Sig.
No dishwasher at home 84% 55% 6.772 p = 0.01
Lack soap in kitchen 12% 2% * p = 0.062
Lack paper/hand towels in kitchen 20% 6% * p = 0.061
Raw meat packaged incorrectly 88% 48% * p = 0.058
RTE food packaged incorrectly 72% 53% 2.683 p = 0.10
Education Level (Highest completed)    
Observation ≤ HS** College + χ2  Sig.
No dishwasher at home 79% 54% 6.945 p = 0.008
Cutting boards are dirty 5% 26% * p = 0.064
Cutting boards have deep scratches 62% 85% 3.414 p = 0.065
Lack soap in kitchen 8% 0% * p = 0.054
Lack paper/hand towels in kitchen 17% 2% * p = 0.013
Sponge/dishcloth is dirty 73% 90% 4.291 p = 0.038
Experience in Food Industry    
Observation Yes No χ2  Sig.
Lack sanitizing/disinfecting cleaners 7% 20% * p = 0.046
Lack cutting boards in kitchen 42% 60% 3.228 p = 0.072
Lack paper/hand towels in kitchen 5% 15% * p = 0.089
Age Group    
Observation 18-24 All Other χ2  Sig.
Lack sanitizing/disinfecting cleaners 30% 10% * p = 0.098
RTE foods packaged incorrectly 80% 39% * p = 0.018
English Spoken at Home ( ≥ 50% of the time)    
Observation Yes No χ2  Sig.
No dishwasher in home 62% 100% * p = 0.027
Sponge/Dishcloth is dirty 85% 50% * p = 0.031
*- Fisher Exact Test performed 
**- HS = High School 
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Participants were grouped according to race/ethnicity, income level, gender, age, 
education level, experience working in the food industry, and language spoken at home in 
order to compare differences associated with these characteristics (Table 12).  These data 
do not identify a single group as more or less safe food handlers, but rather point out 
differences in behavior that may be related to social or cultural factors.  A table 
summarizing results of all Chi-Square analyses can be found in Appendix 6.   
Several significant differences emerged when comparing food-handling behavior 
of Caucasian participants with those who identify as part of a minority racial/ethnic group 
(African American, Hispanic/Latino, and Asian). Overall, results from Chi-Square 
analyses indicate safe food-handling violations were observed more frequently in homes 
of non-Caucasian participants, with the exception of animal presence in the kitchen 
(Table 12).  Caucasian participants also had significantly higher mean refrigerator 
temperatures (41.0°F) compared to the mean refrigerator temperature of participants from 
all other racial/ethnic groups (39.0°F) (p < 0.05; t = -2.067).   
Some cleaning and food storage materials were observed less often in households 
that had a total income below $15,000 than in other homes.  Low-income households had 
a dishwasher 16% of the time, while a dishwasher was present in higher income homes 
45% of the time (χ2 = 6.722, p = 0.01).  Low-income homes were also more likely to lack 
soap and paper/hand towels in the kitchen, as well as more likely to store raw and RTE 
foods incorrectly (Table 12).  Although these relationships do not quite meet typical 
criteria for statistical significance, the associations should be investigated in the future.  It 
is possible low-income individuals may lack resources necessary to purchase necessary 
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items, making them more prone to unsafe food handling and vulnerable to foodborne 
illness. 
In order to compare behaviors associated with participant education, subgroups of 
education levels were collapsed into two main groups:  High school (HS) education and 
below; College degree and above (Table 12).  Food safety violations related to the 
absence of cleaning materials (dishwasher, soap, paper/hand towels) were more prevalent 
among less educated participants, while violations related to cleanliness and maintenance 
of kitchen surfaces were more prevalent among subjects with at least a college level 
education (Table 12).  Participants who reported previous experience working in the food 
industry were more likely than others to have items necessary for safe food-handling 
(sanitizing/disinfecting cleaners, cutting board, paper/hand towels) present in the kitchen 
during the audit (Table 12).   
Differences in behavior associated with age were determined by comparing 
youngest and oldest groups of participants (18-24 years old, 65+ years old, respectively) 
to all other participants to identify if these groups handled food differently (Appendix 6).  
These results indicate no difference in the conditions observed in homes of older 
participants (Appendix 6).  Participants between the ages of 18-24 were more likely to 
store RTE food incorrectly, and also less likely to have cleaning supplies present in the 
kitchen (Table 12).  Differences in behavior associated with primary language were 
determined by grouping subjects according to how frequently they reported speaking 
English at home (more than half the time vs. less than half the time).  Participants who 
speak English at home less than half the time were more likely to have clean sponges in 
the kitchen, and less likely to have a dishwasher, than participants who speak English at 
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home more frequently (Table 12).  Again, while some associations mentioned above are 
only weakly significant (p < 0.1) these relationships should be further explored to identify 
true behavioral patterns. 
3.4 Discussion 
3.4.1 Lack of Compliance with Safe Food Handling Guidelines 
The visual inspection described in this research provides a “snapshot” of 100 
consumer homes, using a previously developed audit tool to record the presence of unsafe 
food handling practices [165].  This method has been utilized infrequently to describe 
hazards present in the domestic environment; therefore one purpose of this study was to 
compare our findings with results of similar studies that have evaluated consumer homes.  
Direct comparison with observations from other studies was not always possible, due to 
the limited number of conditions that have been reported using this method.  Evidence of 
pest infestation was found in 65% of consumer homes observed during this study, and is 
believed to contribute significantly to food safety risk.  However pest infestation was 
only observed by one other study, which reported significantly lower prevalence of this 
condition (present in only 3% of homes) [153].  This difference may indicate pest 
infestation is a more significant problem in urban environments; however more recent 
observational data are necessary to describe this relationship.     
The cleanliness of several food contact surfaces was documented, including 
cutting boards, sponges/dishcloths and refrigerator interiors.  Of these surfaces, 
refrigerator exteriors and kitchen sinks were reported unclean most often (70% and 82% 
of homes, respectively), while cutting boards were reported dirty much less often (23% of 
homes where cutting boards were present).  It is difficult to make comparisons between 
these findings and reports from other studies, based on the use of a wide variety of tools 
	 84
and techniques to describe cleanliness.  One study that included a large inner-city 
population reported 85% of all food preparation areas were visibly clean [140], while 
other studies report 48-78% refrigerator surfaces [103, 133] and 62% kitchen sponges 
[154] were clean.  Only two of these four studies report specific details regarding the 
validity and reliability of their methods, despite recommendations to rigorously evaluate 
measurement tools [120, 140].  There is a need for improved standards of measurement in 
consumer studies, especially for topics such as that are difficult to describe quantitatively. 
Compliance with recommended guidelines for proper cooling and storage of 
foods was also evaluated with the audit tool.  Refrigerators observed during this study 
were found operating above the recommended temperature (40.0°F) in almost half (48%) 
of consumer homes.  These observations are consistent with reports from several other 
studies, which found between 25-61% of domestic refrigerators tested were too warm 
[98, 105, 138, 147].  Raw meat or poultry was observed at room temperature in only 6% 
of homes, which is a much higher rate of compliance than expected based on 
observational research.  Three such studies report 65-72% of participants incorrectly thaw 
frozen raw meat or poultry at room temperature [121, 142, 145].  These studies reported 
conditions present during meal preparation, and required the subject to handle meat or 
poultry at some point during the inspection.  Although a standardized checklist was used 
in each study to record observations, unsafe conditions are more likely to be present in 
the kitchen while meal preparation occurs.  This difference in methodology may account 
for the greater compliance among consumers observed during this study.  
3.4.2 Lack of Access to Necessary Resources/Items in Consumer Homes 
Certain items are generally accepted as necessary to practice adequate cleaning 
and sanitation in the domestic kitchen, such as hot water and soap [75, 79, 118].  During 
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this study these items were present in almost all kitchens evaluated (97% and 96%, 
respectively), yet the implications of their absence in even a few homes must be 
considered.  The high prevalence of dish soap in the domestic kitchen has been similarly 
reported by one other study, present in 92% of homes observed [154].  Lack of access to 
hot water in homes in a developed, first world country has not been reported elsewhere, 
and represents a potentially alarming food safety risk.  Although absent from only 3% of 
homes in this sample, the effect on the true population must be considered.  A lack of hot 
water among the same proportion of Philadelphia would affect almost 500,000 people, 
representing a serious public health threat.  Further research is necessary to identify the 
actual prevalence of this condition among the general population, and to identify 
alternative cleaning and sanitation strategies for consumers who regularly lack access to 
hot water.    
Following proper cleaning and sanitation, kitchen surfaces and hands should be 
dried appropriately to reduce the survival and spread of microorganisms [170].  For this 
reason paper and/or hand towels in the kitchen and bathroom are necessary to ensure safe 
food handling in the home.  The tendency of reusable cloth towels to harbor and spread 
microbial contamination between kitchen surfaces has been well documented, making 
disposable paper towels the preferred option for proper sanitation [33, 77, 171-173].  The 
presence of paper towels in the kitchen was observed less often during this study (71% of 
homes) than has been reported by others using similar audit tools (83-94% of homes) 
[153, 154]. 
While the overall presence of dish soap and paper/hand towels observed in homes 
during this study is encouraging, results indicate certain consumers were more likely than 
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others to lack these items in their kitchen – specifically, those who are low-income 
(below $15,000/year).  Two other violations observed during this study are related to the 
presence of particular items in the home – incorrect storage of raw meat/fish/poultry and 
incorrect storage of ready-to-eat (RTE) foods.  In order to store opened food items 
correctly in the refrigerator, items must be thoroughly and securely wrapped to prevent 
exposure and cross-contamination.  For this reason, food storage materials such as plastic 
wrap, aluminum foil and plastic bags may be considered necessary for safe food 
handling.  Results from this study indicate low-income and minority participants were 
more likely to store RTE foods incorrectly, while low-income individuals were also more 
likely to store raw meat/fish/poultry incorrectly. 
These relationships suggest the presence of certain violations may be due to a lack 
of resources, rather than a lack of knowledge or motivation to follow safe food handling 
guidelines, for some consumers.  Similar studies report low-income individuals may lack 
access to other items necessary for safe food handling, such as meat thermometers [174] 
and sanitation materials [95].  Although not related to food safety, the burden of low-
income families to afford items that are necessary but expensive (diapers), has been 
described by Smith et al. [175].  Low-income individuals may be unable to follow 
guidelines that depend on purchasing “luxury” items such as paper towels and plastic 
wrap, and may therefore be at greater risk for foodborne illness.  Outreach programs that 
provide financial assistance or distribute kitchen items may be more beneficial than 
educational materials to these vulnerable populations. 
3.4.3 Suggestions to Improve Accuracy of Audit Tool 
As shown in Table 9, modifications improved agreement between raters for six 
out of seven audit tool questions.  Based on these results, the same method may be used 
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to modify the instrument described here to improve reliability.  A suggestion to improve 
consistency and agreement between raters is to develop more specific guidelines and 
information to precisely describe measurement and observation of audit tool items.  
Measurement of these items represents conditions present in consumer homes, which in 
turn represents even more general behavioral constructs.  Without precise guidelines, 
raters will use their own judgment to measure and record conditions, which will vary 
from person to person and may not represent the behavior as expected.   
For example, during a visual inspection one rater observes the presence of a single 
fly in the home, believes it is equivalent in risk to all other pests, and records that pest 
infestation is present.  Meanwhile, a different rater believes flies do not contribute at all 
to food safety risks and therefore records no pest infestation present in the home.  If the 
only instructions provided in the guidelines are “record the presence of insects and/or 
rodents in the home” both raters have followed the directions perfectly but will still 
disagree in their response.  In this example it may be helpful to set standards regarding 
the number, type, and location of pests in the home necessary to be considered evidence 
of infestation, i.e., “Pest infestation should be recorded if either of the following are 
observed: (i) presence of one or more rats, mice, or cockroaches anywhere in the home; 
OR (ii) swarms of any insect (other than cockroaches) within the kitchen or food 
preparation area.” 
Modifications to audit tool guidelines should also aim to improve the likelihood 
that raters will detect an item if it is actually present in the home.  This can be done be 
including a checklist of areas where the items is commonly found as part of the audit tool 
(for example, “check for insect/mouse traps in at least these areas: corners of the room, 
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small spaces underneath/between structures, near windows and doors leading outside the 
house”).  This will require raters to look in a minimum number of preset locations during 
each inspection, thereby improving their chance of observing the item.  Audit instruments 
should be carefully developed and undergo constant formative evaluation to identify 
areas for improvement.   
The audit tool described in this research was useful and effective to observe 
consumer homes, but after completing this study it is clear which questions need further 
evaluation.  Conditions were observed in several homes that had not been expected, and 
caused disagreements between raters who did not know how to record the presence of 
these items.  The relationship of items such as self-labeled cleaning products and empty 
soap containers and food safety risk is not clear, so there is no obvious answer to the 
question of whether or not to include these items.  This example does however indicate 
the importance of constant evaluation and improvement of newly developed 
measurement tools.     
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CHAPTER 4:  MICROBIAL CONTAMINATION AND FOODBORNE 
PATHOGENS ISOLATED FROM DOMESTIC KITCHENS IN AN URBAN 
ENVIRONMENT 
	
4.1 Introduction 
4.1.1 Significant Foodborne Pathogens and Related Trends in Illness 
The farm to fork continuum represents the movement of food from initial growth 
or production to the final destination: the consumer.  Throughout this process food 
products are exposed to hazards, such as microbial contamination.  The failure to 
eliminate or control these hazards may result in foodborne illness- defined by the World 
Health Organization (WHO) as any disease of an infectious or toxic nature caused by the 
consumption of food [176].  In the United States alone, foodborne illness is responsible 
for 9.4 million cases annually, which result in 55,961 hospitalizations and 1,351 deaths 
[2].   
In the United States, the majority of hospitalizations and deaths from foodborne 
illness are caused by bacterial infections [2].  Five bacteria are responsible for 92% of 
these hospitalizations and 85% of these deaths:  Escherichia coli, Staphylococcus aureus, 
Listeria monocytogenes, Salmonella spp., and Campylobacter spp. [2].  Due to the 
significant public health burden posed by foodborne pathogens, national surveillance is 
used to identify patterns and trends in their incidence.  Foodborne illness is classified as 
either sporadic (infecting only a single person), or as an outbreak (occurring when two or 
more individuals experience the same symptoms after ingesting a common food)[4].  The 
Centers for Disease Control and Prevention (CDC) monitors both sporadic and outbreak 
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infections in the United States, however it is believed that sporadic infections are less 
severe and therefore likely to be underreported [5]. 
Food processing and retail environments follow strict regulations in order to 
control contamination and prevent illness.  Guidelines such as the FDA Food Code, good 
manufacturing practices, and Hazard Analysis and Critical Control Point (HACCP) 
programs have been successful in controlling and eliminating food safety risks in 
production and foodservice environments, including restaurants, hospitals, and schools 
[69, 70, 86].  The FDA Retail Food Protection program compared observations from 
retail and foodservice establishments during a ten year period (1998-2008) in order to 
monitor trends in food handling behavior [69].  Data from three types of facilities were 
included:  institutional foodservice (hospitals, nursing homes, elementary schools), 
restaurants (fast food, full service), and retail food stores (delis, meat/poultry markets, 
seafood markets, produce markets).  The study found overall compliance with safe food 
handling recommendations increased in all types of facilities, and with significant 
increases in elementary schools, fast food and full service restaurants, meat/poultry 
markets, and produce markets [69]. 
Despite the improved conditions in foodservice and retail environments, data 
from the CDC Foodborne Illness Active Surveillance Network (FoodNet) indicate the 
rates of foodborne illness caused by major pathogens have not significantly decreased.  
Between 2003 and 2013 there was an increase in the incidence (per 100,000 people) of 
infections caused by Campylobacter (increased 119%, from 12.63 to 13.82), Salmonella 
(increased 73%, from 14.46 to 15.19), STEC-O157 (increased 9%, from 1.06 to 1.15), 
and STEC non-O157 (increased 100%, from 0.17 to 1.17) [6].  Only incidence of 
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infection from Listeria decreased during this time period, from 0.31 to 0.26 (5% 
decrease) [6].  Based on these numbers, it does not appear that improving food handling 
and sanitary conditions in retail and foodservice locations has had a significant impact on 
reducing the incidence of foodborne illness. 
4.1.2 The Role of the Consumer to Prevent Illness 
Consumer food handling behavior in the home is considered the final defense 
against foodborne illness [88, 89].  The total number of infections caused by food 
prepared in the domestic environment is not known, however a variety of evidence 
supports the assertion that consumers play a critical role in the prevention of foodborne 
illness.  Data from the Centers for Disease Control (CDC) report private homes as the 
second most common location associated with outbreaks of foodborne disease [7].  These 
data are helpful estimates but do not represent the true incidence associated with private 
homes.  Food prepared at home is more likely to cause sporadic infections, which have 
higher rates of underreporting [91].   
Prevention of foodborne illness at home depends on several factors – the presence 
of microbial contamination, the consumer’s knowledge of the risk, and the execution of 
safe food handling behaviors [92].  Pathogens may be introduced to the domestic 
environment via naturally contaminated raw foods, transfer from the environment 
(carried by animals or insects), or transfer from another person (fecal-oral contamination 
and aerosolization).  Under the right conditions in the home these organisms have the 
potential to survive, grow, spread to other surfaces, persist for long periods of time and/or 
contaminate food.   
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4.1.3 The Domestic Environment as a Reservoir for Foodborne Pathogens 
Microbial contamination is found in many areas of the domestic environment.  
Fecal coliforms and Staphylococcus aureus have been isolated from surfaces in the 
bathroom, including sink basin and faucets, bathtub, toilet, counter top, door handle, and 
light switch [93, 94] and from children’s toys [82].  Additionally, S. aureus was found on 
office equipment (computer keyboards and telephones) and on the hands of consumers 
[93-95].  One study in rural homes reported the presence of Listeria spp. on shoes, 
gloves, and washing machines [96].  Among all areas of the home, foodborne pathogens 
have been isolated most frequently from food preparation surfaces in the kitchen (Table 
13).   
Escherichia coli and Staphylococcus aureus have many similarities in the pattern 
and frequency of contamination.  Both S. aureus and E. coli have been studied frequently 
(identified in 17 and 12 studies, respectively), and both organisms are easily transferred 
between surfaces.  The ability of these bacteria to quickly spread throughout the kitchen 
is evident by their frequent isolation from areas where hand contact occurs – dishwasher 
and refrigerator handles, microwave touchscreens, oven knobs, kitchen faucet handles, 
and utensils [115, 130].  Adequate personal hygiene, hand washing, and cleanliness can 
reduce the spread of these organisms throughout the domestic environment.  In addition 
to typical Coagulase positive S. aureus, three studies have tested samples from consumer 
homes for Methicillin Resistant S. aureus (MRSA) strains [93, 101, 115].   
MRSA has been reported throughout all areas of the domestic environment, and 
specifically in kitchen sinks, garbage cans, counter tops, dishcloths/sponges, pet food 
bowls and infant high chairs [93, 101, 115].   
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Table 13.  Summary of Studies That Describe Microbial Contamination Present in 
Consumer Homes During Activity 
Pathogen	 Locations	Isolated	 Region	
Staphylococcus	aureus		
(N=15,	8	with	60	or	
fewer	subjects)	
	
	
2‐7%	Appliances1	
6–72%	Counter	top	
1–32%	Cutting	board	
7–30%	Dishcloth/sponge	
42%	Hands	
5‐29%	Infant	high	chair	
4‐14%	Kitchen	table	
10‐15%	Pet	dish	
2‐61%	RF2	door	handle	
1‐55%	RF	inside	
12‐58%	Sink	basin/drain	
2‐65%	Sink	faucets	
North	America:	7
Europe:	6
Asia:	1
Central	America:	1
[82,	93‐95,	97‐106]
Escherichia	coli	
	(N=10,	4	with	60	or	
fewer	subjects)	
	
2%	Counter	top	
1–2%	Cutting	board	
3‐62%	Dishcloth/sponge	
2%	Infant	high	chair	
2%	Kitchen	table	
1‐6%	RF	inside	
2‐31%	Sink	basin/drain	
2‐12%	Sink	faucets	
Europe:	4
Asia:	1
North	America:	2
Central	America:	2
[81,	82,	94,	99,	100,	102,	
104,	105,	107]
Listeria	spp.		
(N=13,	5	with	60	or	
fewer	subjects)		
	
0.4%	Counter	top	
6%	Cutting	board	
11‐37%	Dishcloth/sponge	
1‐11%	Food	samples	
1‐60%	RF	inside	
1‐6%	Sink	basin/drain	
2%	Utensils	
Europe:	8
North	America:	3
Central/South	America:	2
[96,	98,	100,	102,	104‐
106,	108‐113]
Salmonellae		
(N=9,	5	with	60	or	fewer	
subjects)		
1‐30%	Dishcloth/sponge	
0.2‐33%	RF	inside	
Europe:	5
North	America:	3
Central	America:	2
[81,	82,	96,	98,	100,	104‐
106,	114]
Campylobacter	spp.	
(N=5,	4	with	60	or	fewer	
subjects)		
2%	Sink	basin/drain	 Europe:	3
North	America:	2
[81,	98,	102,	104,	105]
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As expected, Listeria spp. and L. monocytogenes have been isolated most often 
from areas within consumer refrigerators – including shelves, drawers, and food samples 
(Table 13).  Because Listeria can survive and multiply at typical refrigerator 
temperatures, proper cold storage is not sufficient to prevent colonization by these 
organisms.  Two additional studies isolated Listeria and L. monocytogenes in relatively 
high frequencies from dishcloths/sponges (up to 37% and 17% of samples, respectively) 
(Table 13).  While Listeria were only present sporadically on other surfaces in the 
domestic environment, their presence of cleaning materials used to wipe down dishes, 
counters, and hands may contribute significantly to cross-contamination.   
Of these major bacterial pathogens, Campylobacter and Salmonella have been 
found least often in consumer homes (Table 13).  Only one study successfully isolated 
Campylobacter from the domestic environment, although five others have targeted this 
organism specifically [81, 98, 102, 104, 105, 177].  In 1997 Josephson et al. detected 
Campylobacter twice over the course of a two year study, and these remain the only data 
available that describe the presence of this pathogen in the domestic kitchen [81].  
Salmonella has been targeted by 10 studies, only three of which were unsuccessful [81, 
82, 96, 98, 100, 104-106, 114, 177].  Other contamination, such as fecal coliforms and 
opportunistic pathogens (Pseudomonas aeruginosa, Klebsiella pneumoniae, Enterobacter 
sakazakii, Yersinia enterocolitica, and Bacillus cereus) has also been isolated from the 
locations described in Table 13 [80, 81, 93, 94, 97, 99, 102-106, 111, 114, 117, 130, 177-
180].  Although detected in homes more often than Campylobacter, this pattern of 
contamination is unclear – Salmonella has been reported from 1-30% of dishcloth/ 
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sponge samples, and from 0.2-33% of refrigerator shelf samples (Table 13).  This broad 
range of results obscures characteristics and conditions present in these homes that may 
contribute to or prevent this contamination. 
4.1.4 Statement of Problem and Justification 
Despite the vast amount of data regarding contamination in the domestic 
environment described in the previous section, there is a continued need for research in 
this area.  Of the 32 studies previously discussed that examine microbial contamination in 
the domestic environment, more than one third (n=12) were published over nine years 
ago.  Current research is necessary to keep up with emerging trends and new foodborne 
pathogens, as well as to utilize new technology to improve food safety from farm to fork.  
Another major concern presented by this body of literature is the relevance to United 
States consumers and culture.  More than half (n=19) of these studies took place in other 
countries, including results from the UK, Ireland, Greece, Brazil, Portugal, Mexico, 
Japan, France, the Netherlands, Italy, Germany, Australia, India, Malaysia, Saudi Arabia, 
and South Africa.  Although some of these regions may be very similar to the United 
States in terms of economy, education, and food access, one cannot ignore the effect of 
culture on food preparation behavior [119, 181].  While useful to estimate the scope of 
this problem, outdated results and major social differences reduce the ability of 
these data to describe conditions and risks present in consumer homes in the US in 
2014. 
A thorough review of research related to microbial contamination in the domestic 
environment found only six studies attempted to isolate Campylobacter [81, 98, 102, 104, 
105, 177], and only eight targeted Salmonella (studies from developing countries were 
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not included) [81, 96, 104-106, 114, 177].    Additionally, only three studies examining 
the presence of these two pathogens were completed in the United States.  Compared to 
the amount of data that describe contamination by other microorganisms, there is a 
significant lack of information regarding the presence these two pathogens in domestic 
kitchens.  Campylobacter is known to be fragile in the environment and sensitive to harsh 
conditions, therefore it is possible these cells cannot persist on dry kitchen surfaces.  
However it is unclear why Salmonella has been detected so sporadically, as this organism 
can withstand high heat and extremely low-moisture for long periods of time [50, 182].  
Certain conditions may encourage survival of one or both of these organisms, and 
should be investigated to determine if the domestic kitchen may be an ecological 
niche for foodborne pathogens. 
Differences in methodology represent a third gap in this body of literature.  Of the 
32 studies summarized above, 21 collected samples from fewer than 100 homes (the 
median sample size was 60 homes).  Furthermore, 12 of these studies targeted only one 
or two locations within domestic kitchens.  Small sample populations and results for 
specific locations make it difficult to generalize these results to a larger population, or to 
the domestic kitchen as a whole.  Another barrier to generalizing results from these data 
is related to complicated study design and differences in reporting data.  Several 
researchers have collected multiple samples from one small group of subjects over a long 
time period, which may provide inaccurate comparisons between other groups.  For 
example, Josephson et al. collect samples from 10 subjects on 10 different occasions, 
yielding a total of 100 samples for each location.  Campylobacter was only identified 
twice from sinks (2% of samples), however when compared to household level statistics, 
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two sinks from two different homes represents 20% of the study population.  Similarly, 
differences in reporting results make comparisons between studies less meaningful.  
While some researchers present their microbial data as a level or amount (mean ± SD 
CFU/ml), others only provide the number of locations or households that tested positive 
for a particular organism.  Providing results that are easily comparable and applicable to a 
general population is necessary, especially for small studies.   
The purpose of this research is to investigate a variety of environments in a 
population of racially and socioeconomically diverse consumers to provide a more 
complete description of the role of the domestic kitchen as a reservoir for microbial 
contamination.  
4.2 Materials and Methods 
All materials and methods used in this study were approved by Drexel 
University’s Institutional Review Board (IRB) and Biosafety Committee (UBSC).  
Informed consent was obtained from all participants before participation.  These 
documents listed all aspects and associated risks of the study, which were thoroughly 
explained by the researcher before the participant signed the form. 
4.2.1 Sample Size 
The study was designed to last a full 12 months throughout which homes were 
visited at a relatively constant pace.  These measures were taken to mitigate the effects of 
changes in ambient temperature between seasons on microbiological data [166].  It was 
estimated that a maximum of eight or nine homes could be visited each month, due to the 
amount of time necessary to process microbiological samples.  Based on these factors the 
goal for enrollment was set at 100 homes.   
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4.2.2 Recruitment and Eligibility 
A representative sample of residents from Philadelphia, PA was recruited to 
participate in a study to describe characteristics of domestic kitchens in an urban 
community.  Targeted sampling techniques were used to identify key demographics 
necessary to describe the target population [167].  The most recent census data available 
for race/ethnicity and household income in Philadelphia County served as a goal for the 
sample population (Table 14).  Based on these census data, an enrollment plan with 
quotas for racial/ethnic and income characteristics was developed.   
	
	
	
Table 14.  Key Demographics of the Target Population (% Total Population of 
Philadelphia), from U.S. Census Bureau 2008-2012 American Community Survey 5-
Year Estimates [183] 
Philadelphia,	PA	
Race/Ethnicity 
African	American 42
Non‐Hispanic	Caucasian 37
Hispanic/Latino 12
Asian 6
Other	 3
	
Household	Income 
Below	$15,000 23
$15,000	‐	$24,999 13
$25,000	‐	$49,999 25
$50,000	‐	$74,999 16
$75,000	and	above 22
	
	
	
Census data was used to identify sections of Philadelphia that had either high 
representation of a single characteristic (i.e., 90% of the population is Asian) or that 
closely represented the demographics of Philadelphia County as a whole.  A list of local 
business and public locations within these areas was created, and used to guide the 
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placement of advertisement materials.  Racial/ethnic and income characteristics were 
monitored throughout the study, and recruitment locations were updated as necessary to 
meet the quota objectives.  Flyers (Appendix 2) were posted in a total of 34 locations 
throughout Philadelphia (local businesses, supermarkets, libraries, and community 
centers).  Word of mouth from participants also represented a significant source of 
advertisement for this study and supplemented these recruitment efforts. 
The advertisement poster included a brief description of the study, including 
eligibility criteria, time commitment, and compensation offered (Appendix 2).  
Volunteers were instructed to contact the researcher if they were interested in 
participating.  Potential subjects who contacted the researcher were told the purpose of 
the study was to observe food preparation and storage habits in consumer homes, and 
were discouraged from preparing or cleaning their home differently than usual.  
Volunteers who were still interested were then screened for eligibility based on the 
following criteria:  18 years of age or older; lives in Philadelphia county; prepares food at 
home at least three times per week; willing to allow researchers to visit home and collect 
data (Appendix 3).  Eligible participants were enrolled in the study and were asked to 
schedule an appointment for their home visit at this time.  Phone calls were made to 
participants several days before their scheduled visit to remind them about their 
appointment.   
Appointments were scheduled on a first come, first serve basis.  To simplify the 
scheduling process, significant effort was made to restrict appointments to Mondays, 
between the hours of 8 am and 8 pm.  The study was advertised and took place over 12 
months, from January to December 2013.  During this time a total of 151 individuals 
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initiated contact with researchers about this study.  Of these, seven (5%) refused to 
participate after the study was explained to them, nine (6%) did not meet established 
eligibility requirements and were excluded, four (3%) were interested and eligible, but 
could not participate because of scheduling conflicts, and 31 (21%) could not be reached 
by phone to discuss the study.  A total of 100 subjects were enrolled and completed the 
study.   
4.2.3 Sample Collection and Preparation 
Surface samples were collected from domestic kitchens using a sterile sponge 
moistened with 10 ml Dey/Engley neutralizing buffer and attached to a removable handle 
(Sani-Stick Sponge Handle Sampling System, Labplas, VWR International).  These 
sponges were used to aseptically swab five locations: refrigerator door handles (front and 
back), refrigerator shelf (middle of bottom shelf), refrigerator meat drawer (when 
present), and kitchen counter (portion of counter next to sink).  At each site an area of 
approximately 100 in2 was wiped thoroughly with the sponge, which was then removed 
from the handle, returned to a sterile bag and sealed.  With the participant’s permission, 
and when available, a previously used kitchen dishcloth/sponge was also collected and 
sealed in a sterile bag.  All samples were stored on ice during transport and kept at 4°C in 
the laboratory.  In addition to sample collection, the refrigerator temperature was 
measured and recorded at each home using a pen-style infrared thermometer (VWR 
International; West Chester, PA, USA).  This was completed immediately after opening 
the refrigerator door for the first time, with the thermometer held approximately 2 inches 
from a food container as close to the middle of the refrigerator as possible.   
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All samples were analyzed within 24 hours of initial collection.  Each sample was 
homogenized for 2 minutes with either 60 (surface samples) or 200 ml (kitchen 
dishcloth/sponge samples) Dey/Engley Neutralizing buffer (BD, VWR International).  A 
paddle blender (Stomacher 400, Seward, Norfolk, UK) set at 230 rpm was used to mix all 
surface samples, while kitchen dishcloth/sponge samples were systematically mixed by 
hand.  The total volume of homogenate (representing 100 dilution) was then divided for 
the following microbial tests. 
4.2.4 Microbiological Analysis 
All tests were completed according to methods described in the Food and Drug 
Administration’s (FDA) Bacteriological Analytical Manual (BAM) [22].  Negative 
controls (sterile buffer solution) and positive controls for each organism (E. coli, 
American Type Culture Collection [ATCC] #25922; S. aureus, ATCC #25923; C. jejuni 
subsp. jejuni, ATCC #700819, L. monocytogenes, ATCC #19115; S. enterica subsp. 
enterica serovar Enteritidis, ATCC #13076) were run with each set of samples tested.   
4.2.4.1 Total Coliform Count 
Total coliform level was evaluated using the Most Probable Number (MPN) 
technique, which estimates the number of organisms in a sample based on the presence or 
absence of a specific reaction observed in a set of consecutive sample dilutions [22].  
Following preparation, 10 ml of each sample homogenate (100 dilution) was transferred 
to sterile tubes, then serially diluted three times in 9 ml sterile 0.1% Buffered Peptone 
Water (BPW) to create a dilution set (100 to 10-3).  One ml from each tube in the dilution 
set was aseptically transferred, in triplicate, to tubes with Lauryl Tryptose Broth (LST) 
and inverted Durham tubes.  LST tubes were placed in a temperature controlled water 
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bath (Thermo; Fisher Scientific, Marietta, OH) set at 35°C and checked for gas 
production (indicated by the presence of bubbles in Durham tubes) after 48 ± 2 hours.  
Samples with gas production were recorded as presumptive positive, and inoculated with 
a sterile loop into tubes of 2% Brilliant Green Lactose Bile (BGLB) broth containing 
inverted Durham tubes. 
BGLB tubes were incubated in a temperature controlled water bath (Thermo; 
Fisher Scientific, Marietta, OH) set at 35°C and checked for gas production after 48 ± 2 
hours.  Tubes with gas formation were considered positive for coliform bacteria, and used 
to estimate the MPN/ml according to standard FDA methods [22].  Tubes with no 
reaction were incubated an additional 24 hours, and were considered negative if no gas 
was formed within 72 hours of inoculation.   
4.2.4.2 Fecal Coliform and Escherichia coli Count 
Samples that produced gas in LST tubes were tested for fecal coliforms.  A sterile 
loop was used to transfer LST broth into tubes containing E. coli (EC) broth with inverted 
Durham tubes.  EC tubes were placed in a temperature controlled water bath (Thermo; 
Fisher Scientific, Marietta, OH) set at 45.5°C and checked for gas production after 48 ± 2 
hours.  Tubes with a positive reaction were considered positive for fecal coliforms, and 
the MPN/ml was calculated using the same method described for total coliform count.  
Negative tubes were incubated for an additional 24 ± 2 hours and then discarded if no gas 
formation was observed. 
Samples that were positive for gas production in EC broth after either 48 or 72 
hours were tested for E. coli.  Using a sterile loop, positive EC broth samples were 
streaked for isolation on Eosin Methylene Blue (EMB) agar and incubated at 35°C.  
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Plates were checked after 24 and 48 hours for typical characteristics of Escherichia coli:  
flat purple colonies with a dark center and a green metallic sheen [22].  Suspicious 
colonies were sub-cultured on Plate Count Agar and stored at 4°C for further testing.   
A series of biochemical tests, known collectively as IMViC (Indole test, Methyl 
red-reaction, Voges-Proskauer reaction, and Citrate test) were used to confirm the 
presence of E. coli.  The indole test determines whether the organism can convert 
tryptophan to indole, a characteristic of some (but not all) strains of E. coli.  The methyl-
red (MR) and Voges-Proskauer (VP) tests use changes in pH to detect by-products of 
various metabolic pathways.  Escherichia coli ferment glucose to produce a mixture of 
acids, yielding a positive result for the MR test and a negative result for the VP test.  
Citrate broth is used to test whether an organism can utilize citrate as its sole carbon 
source, and is negative for all strains of E. coli.  Samples that produced a test pattern of 
either “-+--” or “++--” were considered positive, and the MPN/ml was calculated to 
estimate the level of E. coli present. 
4.2.4.3 Staphylococcus aureus Enumeration 
The MPN procedure was also used to estimate the level of S. aureus present in 
samples.  One ml each of the sample homogenate and serial dilutions (100 to 10-2) was 
inoculated, in triplicate, into tubes containing Trypticase Soy Broth (TSB) supplemented 
with 10% NaCl and 1% Sodium Pyruvate.  TSB tubes were incubated at 35°C and 
checked for turbidity after 48 ± 2 hours.  Tubes showing growth were streaked for 
isolation on Baird-Parker agar and incubated at 35°C.  Baird-Parker plates were checked 
after 48 hours for typical characteristics of S. aureus:  smooth, convex colonies with a 
gummy consistency, gray or black in color and surrounded by a clear outer zone [22].   
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Presumptive colonies were confirmed with the coagulase test.  Up to five typical 
colonies from Baird-Parker plates were transferred to tubes containing 0.3 ml Brain Heart 
Infusion (BHI) broth.  BHI tubes were incubated at 35°C for 18-24 hours before adding 
0.5 ml reconstituted coagulase plasma (BD BBL, VWR International).  Tubes were then 
returned to the incubator for six additional hours, at which time they were checked for 
clot formation.  Samples with firm, complete clots that stayed in place when inverted 
were considered positive for S. aureus.  Incomplete or partial clotting reactions were 
repeated and considered positive if a complete clot was formed after the second test.  
MPN/ml was calculated based on the total number of coagulase positive dilutions from 
each sample [22]. 
4.2.4.4 Campylobacter jejuni Detection 
A portion (10 ml) of sample homogenate was enriched to detect the presence of 
Campylobacter.  The sample homogenate was aseptically transferred to jars containing 
90 ml Bolton broth (EMD Millipore, VWR International), supplemented with 5 ml lysed 
horse blood and antibiotic supplement containing vancomycin, cefoperazone, 
trimethoprim, and amphotericin B (EMD Millipore, VWR International).  Samples were 
pre-enriched for a total of 5 hours (3 hours at 30°C, 2 hours at 37°C), then incubated at 
42°C for the remaining 43 hours.  All samples tested for Campylobacter were incubated 
under microaerophilic conditions.  Following the enrichment, a sterile loop was used to 
transfer each sample to modified Campylobacter blood-free selective agar (mCCDA) 
containing cefoperazone and amphotericin B (Oxoid, Thermo Scientific) for isolation.   
Modified CCDA plates were incubated under microaerophilic conditions at 42°C 
for 48 hours.  Typical colonies were sub-cultured on Mueller-Hinton II agar (BD BBL, 
	 105
VWR International) and underwent additional tests.  Morphology and motility was 
determined by preparing a wet mount of the presumptive strain and examined with a light 
microscope under oil-immersion.  Strains with typical characteristics (long chains of 
spiral shaped/curved rods with rapid, corkscrew movements) were re-streaked on 
Mueller-Hinton agar and confirmed with a rapid test kit (API Campy; bioMérieux, 
France).     
4.2.4.5 Listeria monocytogenes Detection 
Pre-enrichment and enrichment techniques were also used to detect Listeria in 
samples.  Bottles of buffered Listeria enrichment broth (BLEB) base were inoculated 
with 10 ml sample homogenate and incubated at 30°C.  Following a 4 hour pre-
enrichment antibiotics and selective agents (acriflavin, nalidixic acid, cycloheximide) 
were added, and samples were returned to the incubator.  After an additional 44 hours 
BLEB enrichments were streaked for isolation onto PALCAM agar, prepared with 
selective agents (polymyxin B sulfate, acriflavin, ceftazidine) (BD BBL, VWR 
International).  Agar plates for incubated at 35°C and examined after 48 hours for typical 
colonies (grey/green with black halo).  Presumptive strains were sub-cultured on 
Trypticase Soy Agar with 0.6% yeast extract and confirmed with rapid test kits (API 
Listeria; bioMérieux, France). 
4.2.4.6 Salmonellae Detection 
Sample homogenate (10 ml) was added to jars containing 90 ml lactose broth and 
incubated at 35°C for 24 ± 2 hours.  Following pre-enrichment, tubes containing 
Rappaport-Vassiliadis (RV) broth and Tetrathionate (TT) broth were inoculated with 0.1 
ml and 1.0 ml lactose broth culture, respectively.  Both broths were then incubated for 24 
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± 2 hours in temperature controlled water baths, set at 42°C for RV tubes and 35°C for 
TT tubes.  RV and TT cultures were then streaked for isolation on Hektoen Enteric (HE) 
and Xylose Lysine Desoxycholate (XLD) agar plates and incubated at 35°C.  After 48 ± 2 
hours plates were examined and typical colonies (blue-green colonies with glossy black 
centers on HE agar and pink colonies with glossy black centers on XLD agar) underwent 
additional tests. 
Presumptive strains were transferred to Triple Sugar Iron (TSI) agar and Lysine 
Iron Agar (LIA) slants for biochemical tests.  TSI slants were inoculated by streaking the 
surface of the slant with a sterile inoculating needle, then stabbing the needle into the butt 
of the slant.  The LIA slant was then inoculated with the same needle, used to stab the 
butt of the slant twice before streaking the surface.  Slants were incubated at 35°C and 
checked for reactions after 24 ± 2 hours.  In TSI Salmonella usually produces an alkaline 
(red) slant and an acidic (yellow) butt, with blackening of the agar caused by H2S 
production.  In LIA the typical reaction is alkaline (purple) in both the slant and butt, in 
addition to the production of H2S.  Samples with typical Salmonella characteristics  were 
saved on Trypticase Soy Agar and confirmed with rapid test kits (API 20E; bioMérieux, 
France). 
4.2.5 Data Management and Analysis 
To protect the privacy of the participants all personal information (names, 
telephone numbers, and addresses) was stored on a password protected computer.  After 
each visit all unique information (except census tract location) was erased and a random 
five-digit code was used to identify the home.  Per IRB protocol, signed consent forms 
were the only document that contained both the participant’s name and the random five-
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digit code.  These forms were kept separate from all other data, in a locked cabinet with 
limited access.   
All experimental results were recorded in a laboratory notebook and periodically 
transferred to an Excel spreadsheet.  Total coliform counts that were below the detection 
limit (< 0.3 MPN/ml) were assigned a value halfway between the absence of cells and the 
detection limit, 0.15 MPN/ml, for data analysis.  Similarly, coliform counts that were 
above the detection limit (> 1100 MPN/ml) were estimated with a number one value 
greater than the detection limit, 2400 MPN/ml.  All refrigerator temperature data will be 
reported in both Fahrenheit and Celsius, because the °F temperature scale is familiar to 
consumers in the United States and because many food safety education programs 
provide recommendations in Fahrenheit. 
Results for all microbial tests were reported by sampling location as well as per 
household.  Data presented by location allow comparison between different environments 
found on the surfaces and can be used to identify specific vectors for contamination 
within the home.  On the other hand, the average levels and frequencies of contamination 
per household give a more broad description of this environment, and may help evaluate 
the role of the domestic kitchens as a reservoir for foodborne pathogens.   
For most sampling sites a template was used to measure a 10 in2 rectangle, 
designating the area to swab.  However there were wide variations in the size and shape 
of both refrigerator door handles and dishcloths/sponges surveyed.  For this reason, 
enumeration data for coliforms, fecal coliforms, E. coli and S. aureus was recorded as 
MPN/ml and multiplied by either 60 or 200 (ml/sample) to estimate MPN/sample.  MPN 
counts were finally converted to a logarithmic scale (base 10) and averaged to report the 
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Mean Log10MPN/sample for each location.  MPN counts for were also reported per 
household, calculated by averaging the MPN counts of individual samples collected from 
each home (Mean Log10MPN/home).  Presence or absence of fecal coliforms and 
pathogens were recorded for all samples and reported as the percent positive per location 
(calculated out of the total number of samples collected from each sampling site).  
Presence/absence was also reported by household, representing the total number of 
homes where contamination was found as a percentage of all homes surveyed.   
Statistical analyses were completed using the Statistical Package for the Social 
Sciences (SPSS), release 22.0.0, (IBM SPSS Statistics 22, IBM Corporation).  
Descriptive statistics and frequencies were calculated for all qualitative data.  
Independent t tests were run to identify differences in-group means for numerical 
variables (refrigerator temperature, enumeration counts).  Dichotomous variables 
(participant demographics, presence/absence data) were compared using cross-tabulations 
and Pearson’s Chi Square test to evaluate differences between groups. 
4.3 Results 
4.3.1 Participant Demographics 
A total of 100 subjects from 71 census tracts in Philadelphia completed this study.  
Participants were mostly female (86%) and represented a wide variety of ages, education 
levels, economic statuses, and racial/ethnic backgrounds. 
Participants were mostly female (86%) and represented a wide variety of ages, 
education levels, economic statuses, and racial/ethnic backgrounds (Table 15).  Subjects 
varied in age from 18 to 84 years old, with the highest proportion (29%) falling in the 45-
54 years old group.  The most commonly reported annual income was below $15,000 
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(25%), and African American was the most common race/ethnicity (47%).  Chi-Square 
goodness-of-fit tests show no significant differences between the sample and population 
(Philadelphia, PA) patterns for race/ethnicity (χ2 GoF = 6.203, df = 4, p = 0.18).  The 
sample pattern for household income level was significantly different than the population 
pattern, due to a greater representation of low-income subjects (χ2 GoF = 15.341, df = 4, 
p = 0.004). 
 
 
 
Table 15.  Demographics of Sample Population (N=100) 
	 (%	Subjects)
Race/Ethnicity	
African	American 47
Caucasian	(Non‐Hispanic) 39
Hispanic,	Latino	or	Spanish 12
Other 2
 
Total	Household	Income* 
Below	$15,	000 27
$15,000	‐	$24,999	  21
$25,000	‐	$49,999 19
$50,000	‐	$74,999 23
$75,000	and	above 10
	
Age	Range	
18‐24	 10
25‐34	 18
35‐44	 19
45‐54	 29
55‐64	 19
65	and	above	 5
	
Level	of	School	Completed	
Primary,	or	less	 5%
High	School/GED	 43%
Technical/Vocational	Degree 2%
College	Graduate	(4	yrs)	 41%
Advanced	Degree	 9%
*‐Household	income	was	calculated	as	a	percent	of	91	responses,	rather	than	100.		
Nine	participants	did	not	respond	to	the	question.	
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Education level was almost evenly split between participants who had completed 
college (41%) and participants who had completed up to high school/GED (43%).  When 
asked what language was used at home, 8% of subjects reported speaking a language 
other than English at home at least half of the time.  The majority (60%) of participants 
had experience working in the food service or food industry, either from previous or 
current employment.      
4.3.2 Refrigerator Temperature 
Among the 100 homes assessed in this study, refrigerator temperatures ranged 
from below freezing (26.1°F, -3.3°C), to very warm (53.6°F, 12.0°C), with a mean 
temperature of 39.7°F (4.3°C).  Almost half (48%) of homes had a refrigerator that was 
too warm (≥40°F or 4.4°C), of which 38% had moderately high temperatures between 
40.1 – 45.0°F (4.5-7.2°C).  Only 10% of homes had refrigerator temperatures above 
45.0°F (7.2°C), however, this condition may pose a serious food safety risk, especially 
for vulnerable populations. 
4.3.3 General Hygiene Indicators 
Coliform levels were used to evaluate the overall sanitation of domestic kitchens.  
Table 16 shows the distribution of coliforms found on food preparation surfaces.  
Compared to other surfaces, dishcloths/sponges had the highest levels of coliform 
bacteria, with an average of 4.62 Log10 MPN/sample, and 64% of samples with coliform 
counts above 5.0 Log10 MPN/sample.  Refrigerator door handles had the lowest levels of 
coliforms among all sites sampled (Mean of 1.36 Log10 MPN/sample), and the highest 
proportion (66%) of samples with MPN counts below 1.0 Log10 MPN/sample.   
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Table 16.  Levels of Coliforms Found on Kitchen Surfaces, Calculated as the 
Average Log10 MPN/Sample and the Percent of Samples from Each Location within 
Each Range 
Location1	 Mean	log	MPN	
Distribution	of	Coliforms,	%	from	each	
Location	
<1	log	
MPN	
1.0–2.5	
log	MPN	
2.5–5.0	
log	MPN	
>5.0	Log	
MPN	
Counter	 3.06	 27	 16	 32	 25	
Refrigerator	Door	
Handle	
1.36	 66	 28	 5	 1	
Refrigerator	Shelf	 2.14	 41	 25	 27	 7	
Refrigerator	Meat	
Drawer	(N=61)	
2.12	 44	 25	 21	 10	
Sink	 3.82	 15	 13	 26	 46	
Dishcloth/	Sponge	
(N=96)	
4.62	 0	 18	 18	 64	
All	Locations	
(N=557)	
2.89	 32	 20	 22	 26	
1N = 100 unless otherwise indicated 
	
	
	
Fecal coliforms were also used to evaluate the hygiene of consumer kitchens.  
These bacteria were isolated from 15% (N=83) of all samples collected, and were found 
most frequently in samples from kitchen sinks (Table 17).  Among these positive 
samples, the highest levels of fecal coliforms were found on dishcloths and sponges, and 
the lowest levels on refrigerator door handles. 
4.3.4 Presence of Foodborne Pathogens in Domestic Kitchens 
Figure 2 summarizes the pathogen contamination found in consumer homes 
(N=100) during this study.  The majority (52%) of homes had at least one target 
organism (E. coli, S. aureus, Listeria, or C. jejuni) present, while 19% had multiple 
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pathogens present in the kitchen. S. aureus was found most often, isolated from 39% of 
domestic kitchens.   
 
 
Table 17.  Frequency (Calculated as a Percentage of the Total Number of Samples 
Collected from Each Location) and Mean Levels of Fecal Coliforms 
Location1	
Positive	Samples	 Mean	
%	(N)	 Log10	MPN/sample	
Counter	 16	(16)	 2.65	
Refrigerator	Door	Handle	 3	(3)	 1.33	
Refrigerator	Shelf	 5	(5)	 2.77	
Refrigerator	Meat	Drawer	(N=61)	 2	(1)	 1.95	
Sink	 33	(33)	 2.70	
Dishcloth/Sponge	(N=96)	 26	(25)	 7.58	
Total	(N=557)	 15	(83)	 2.84	
1N = 100 unless otherwise indicated 
	
	
	
E. coli and Listeria spp. were each present in 15% of kitchens, and C. jejuni was 
present only in 3 homes.  Salmonellae were not found in any homes.  Three homes had L. 
monocytogenes present in the kitchen, and in one case L. monocytogenes was isolated 
from multiple sites in a single kitchen.   
Samples were collected from up to six locations in each home, yielding a total of 
557 total samples.  Table 18 summarizes the frequency and distribution of target 
organisms isolated from each sampling site.  Kitchen sinks had the highest overall 
incidence of foodborne pathogens (28% positive samples), while only 10% of samples 
from refrigerator meat drawers tested positive.  The prevalence of contamination among 
the other locations was almost constant – 19% of samples from each of three locations 
(counters, refrigerator door handles, and dishcloths/sponges) tested positive for the 
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presence of a pathogen, while only slightly fewer (17%) samples from the remaining 
location (refrigerator shelf) tested positive.  
	
	
	
	
Figure 2.  Presence of Foodborne Pathogens in Consumer Homes 
	
	
	
Foodborne pathogens were isolated from 20% (112) of all samples collected 
during this study.  Of the four target organisms detected in samples from consumer 
homes, S. aureus was isolated most frequently.  S. aureus was found in 14% (N=75) of 
samples, more than four times as often as the next two most common organisms (Table 
18).  Escherichia coli were isolated from 3% of samples, most often from kitchen sinks 
and dishcloths/sponges.  Listeria spp. were also isolated from 3% of samples, with the 
highest proportion (10%) from refrigerator meat drawers.  These 16 samples represent 
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several different species within the genus Listeria, including L. innocua, L. welshimeri, L. 
grayi, L. seeligeri and L. monocytogenes.  Listeria monocytogenes was isolated once each 
from a refrigerator door handle, refrigerator drawer, kitchen sink and dishcloth/sponge 
sample. 
 
 
 
Table 18.  Occurrence of Pathogens on Food Preparation Surfaces, Calculated as a 
Percentage of the Total Number of Samples from Each Location 
Location1	
%	Positive	Samples	(N)	
E.	coli	 S.	aureus	 Listeria	spp.	 C.	jejuni	
Total	+	
Samples	
Counter	 ‐ 17	(17) 1	(1) 1	(1)	 19	(19)
Refrigerator	Door	
Handle	
‐ 17	(17) 2	(2) ‐	 19	(19)
Refrigerator	Shelf	 1	(1) 13	(13) 3	(3) ‐	 17	(17)
Refrigerator	Meat	
Drawer	(N=61)	
‐ 5	(3) 10	(6) ‐	 10	(9)
Sink	 11	(11) 14	(14) 2	(2) 1	(1)	 28	(28)
Dishcloth/Sponge	
(N=96)	
6	(6) 11	(11) 2	(2) 1	(1)	 19	(18)
All	Locations	(N=557)	 3	(18) 14%	(75) 3	(16) 0.5	(3)	 20	(112)
1N = 100 unless otherwise indicated 
	
	
	
4.3.5 Seasonality 
Presence/absence of fecal coliforms and pathogens, average coliform level 
(MPN/home) and refrigerator temperature were grouped by season and analyzed to 
determine the effect of warm ambient temperatures on microbiological samples (using 
cross-tabulations and Chi-Square statistic for presence/absence and independent t-test for 
numerical data).  Sample collection occurred consistently over 12 months, resulting in 17 
homes visited during the Winter (Jan 28 to Mar 18 2013), 27 homes visited in the Spring 
(Mar 25 to Jun 17 2013), 25 homes in the Summer (Jun 24 to Sept 16 2013) and 31 
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homes during the Fall (Sept 23 to Dec 16 2013).  The presence of pathogens and fecal 
coliforms did not vary by season, nor did average refrigerator temperature recorded in 
homes.  One significant relationship between season and level of contamination was 
observed for the average level of coliforms among homes (3.25 Log10 MPN/home in 
Summer vs. 2.68 Log10 MPN/home in Fall, t = -2.223, p = 0.03). 
4.3.6 Differences in Contamination Associated with Demographics 
Demographic variables were compared to microbiological data to identify specific 
groups that may be at higher risk for foodborne illness due to the presence of 
contamination on kitchen surfaces.   Participants were grouped according to 
race/ethnicity, income level, gender, age, education level, experience working in the food 
industry, and language spoken at home in order to compare differences in contamination.  
Of these, only age and language spoken at home were significantly associated with 
specific contamination.  Some weak associations were identified between racial/ethnic 
groups and contamination, however these did not meet standards for reliability and may 
have occurred randomly due to the large number of analyses completed.  A full summary 
of results from all Chi-Square analyses between demographic variables and 
contamination can be found in Appendix 6. 
Compared to other age groups, participants between the ages of 18-34 had 
significantly higher coliform levels on samples from kitchen sponges/dishcloths (mean 
5.1 Log10 MPN/sample vs. 4.4 Log10 MPN/sample; p < 0.05), counter tops (mean 3.99 
Log10 MPN/sample vs. 2.7 Log10 MPN/sample; p < 0.001) and sinks (mean 4.6 Log10 
MPN/sample vs. 3.5 Log10 MPN/sample; p < 0.001).  This age group was also 
significantly more likely than others to have fecal coliforms present in the home (p < 
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0.05).  Participants who reported speaking English at home less than half the time had 
significantly higher coliform levels on kitchen samples from sponges/dishcloths (mean 
5.5 Log10 MPN/sample vs. 4.5 Log10 MPN/sample; p < 0.001) and sinks (mean 4.64 
Log10 MPN/sample vs. 3.75 Log10 MPN/sample; p < 0.05). 
4.4 Discussion 
4.4.1 Refrigeration Temperature 
Results from this research indicate a portion of consumers in Philadelphia practice 
unsafe cold storage of food, increasing the likelihood of temperature abuse. Food safety 
agencies recommend consumers not hold food between 40-140°F (4.4-60°C) for 
extended periods of time, as these temperatures support the survival and/or growth of 
foodborne pathogens. These unsafe temperatures have been similarly reported by others 
[105, 147], and may affect microbial contamination in all areas of the domestic 
environment.  In addition to temperature abuse of food, warm refrigerators also promote 
the survival of pathogens on refrigerator shelves and drawers.    
4.4.2 Microbial Assessment of the Domestic Environment 
4.4.2.1 Hygiene Status of Kitchens 
Coliform bacteria were traditionally believed to be an indicator of fecal 
contamination in drinking water, but are more recently and accurately used to indicate 
general effectiveness of hygiene/sanitation measures [97]. Coliform bacteria were 
detected in all locations during this study, and represent a wide range of contamination 
levels.  Kitchen sinks and dishcloth/sponge samples were the most contaminated areas 
(46 and 64% of samples above 5 log MPN), while samples from refrigerator door handles 
were the least contaminated (66% of samples below 1 log MPN).  Other studies have 
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reported similarly high amounts of coliform bacteria present in dishcloths and sponges 
[100].  During this study fecal coliforms were isolated most often from kitchen sinks 
(33%; mean 2.7 log MPN/sample) and dishcloths/sponges (26%; mean 7.6 log 
MPN/sample).  These frequencies are lower than reported elsewhere - Carrasco et al. and 
Josephson et al. isolated fecal coliforms from 48-67% of dishcloths/sponges and from 
63% of kitchen sinks [81, 179].   
4.4.2.2 Escherichia coli and Staphylococcus aureus  
Results from this research found frequent contamination of hand contact sites 
such as dishcloths/sponges (6% E. coli), counter tops (17% S. aureus), and refrigerator 
door handles (17% S. aureus).  Two other studies report similar prevalence (3-11%) of E. 
coli from dishcloth/sponge samples [99, 177], but less contamination at the household 
level (1-6% homes) [104, 105, 177].  The overall occurrence of these pathogens in 
consumer homes during this study was relatively high (15% E. coli and 39% S. aureus), 
suggesting significant transfer of these organisms may take place in domestic kitchens. 
S. aureus was the pathogen isolated most often during this study, present in 75 
samples from 39% of consumer homes.  Samples from kitchen counter tops and 
refrigerator door handles were contaminated most often (17% samples, each), followed 
by 14% of kitchen sinks and 13% of refrigerator shelves.  High prevalence of S. aureus 
among households was previously found by Carpentier et al. and Kennedy et al., who 
detected S. aureus in 41-43% of homes sampled [103, 105].  Similar patterns have been 
reported by others for the presence of Staphylococcus aureus on refrigerator door handles 
(2-16%, [93, 99, 103, 107] and counter tops (6-12% [93, 99]).   
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The prevalence of S. aureus in domestic refrigerators represents a specific food 
safety concern, due to the organism’s ability to grow and produce toxins when exposed to 
mild temperature abuse [71, 104].  S. aureus was found inside 14% of domestic 
refrigerators sampled in this study, and was isolated from multiple surfaces within 2% of 
refrigerators.  Conflicting reports have been published regarding this contamination:  
Three studies isolated S. aureus infrequently (1-6%) of refrigerators[99, 104, 106], while 
other findings suggest a much higher prevalence (33-41%) of contamination on these 
surfaces [98, 104].  This topic should be investigated further to evaluate the true 
prevalence of this pathogen in consumer refrigerators. 
4.4.2.3 Listeria spp. and L. monocytogenes 
Due to the severity and high mortality rate (19.5%) [6] associated with Listeriosis 
infection, any prevalence of L. monocytogenes in domestic kitchens is cause for concern. 
Five different species of Listeria were isolated from 15% of homes during this study; of 
which 3% had L. monocytogenes present in the kitchen.  Listeria was isolated from 9% of 
refrigerators sampled during this project, and only one refrigerator (1%) harbored L. 
monocytogenes 1%.  Several other studies confirm low levels of surface contamination 
by Listeria spp. (1-9%) and L. monocytogenes (1-6%) in domestic refrigerators [96, 104, 
105, 109, 110, 112, 113].   In 2013, Macias-Rodriguez et al. reported an alarming 60% of 
refrigerator shelves in consumer homes in Mexico tested positive for L. monocytogenes 
[100].  This high frequency of contamination is unprecedented for Listeria, and may be 
related to high consumption of unpasteurized milk and cheese that is common among 
Hispanic and Latino populations. 
	 119
Some studies have described the association between high-risk food items and 
overall contamination of the kitchen, suggesting these foods are sources for 
contamination, as well as vehicles that transfer contamination to other surfaces.  Listeria 
spp. and L. monocytogenes have been isolated in food samples collected from domestic 
kitchens, most often from processed meats (lunch meat, pork sausage, chipped beef, 
bacon, meat spread, salmon spread) and soft cheeses [96, 112, 184].  Rodriguez-Marval 
et al. evaluated risk factors associated with the presence of Listeria contamination in rural 
homes [96].  After isolating L. monocytogenes from 50% of food samples in these homes, 
the authors concluded contaminated food, not ruminant animals or other rural 
characteristics, were the main source of contamination in these homes.  Although food 
samples were not collected during this study, these data may explain sporadic patterns of 
contamination isolated from homes.   
Contaminated food items that are not properly packaged may transfer pathogens 
upon contact with the consumer’s hands, other surfaces, and/or other exposed foods.  The 
situation is especially problematic in domestic refrigerators:  because L. monocytogenes 
grow well at 40°F (4.4°C), even a few surviving cells can multiply and persist in these 
areas.  These cells may eventually attach to refrigerator surfaces and form tough biofilms, 
which are difficult to clean and remove completely.  This pattern forms a constant cycle 
of contamination, transfer, and recontamination of kitchen surfaces.  
4.4.2.4 Campylobacter and Salmonella 
This association between widespread contamination and certain high-risk food 
items suggest the contents of domestic refrigerators affect the outcome of microbial 
sampling in other locations.  This theory may explain the lack of Salmonella and low 
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frequency of Campylobacter (3%) isolated from homes in Philadelphia.  Although 
present in many foods, these pathogens are strongly associated with poultry items [30].  
Less than half of homes visited during this study had any type of raw meat (beef, poultry 
or fish) in the refrigerator at the time samples were collected.  While the reason for this 
absence is not clear, it seems likely the initial contamination levels will be lower in these 
homes (compared to homes where raw meat is present).  Less initial contamination 
present diminishes transfer to other surfaces in the kitchen, and decreases the likelihood 
of isolating these organisms from a single sample. 
Although Campylobacter was isolated infrequently from consumer homes (3%) 
during this project, these results are consistent with reports from similar studies, and 
reflect the sensitivity and fragility of this organism on dry surfaces.  Only one other paper 
reports the presence of Campylobacter on kitchen surfaces during “everyday life” (i.e., 
not during or directly following meal preparation).  Josephson et al. isolated C. jejuni 
from 2% of kitchen sinks, which is comparable to the results presented here (one positive 
sample each from a counter, sink, and dishcloth/sponge) [81].  With so little data it is 
difficult to draw conclusions regarding the presence of these organism in the domestic 
environment, however there is an important similarity between our results and those 
reported by Josephson and colleagues:  the presence of moisture (in this study counter 
samples were always collected from an area directly next to the kitchen sink) [81].  
Almost no other studies that assessed the presence of this organism tested areas that are 
regularly exposed to water, despite the documented sensitivity of Campylobacter to 
desiccation.  Sampling sites that are commonly exposed to moisture should be included in 
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future studies targeting this organism to better understand its presence in the domestic 
kitchen. 
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5.0 CHAPTER 5:  FACTORS ASSOCIATED WITH MICROBIAL 
CONTAMINATION IN THE DOMESTIC ENVIRONMENT 
 
5.1 Introduction  
Consumer food handling behavior in the home is considered the final defense 
against foodborne illness [88, 89].  Prevention of foodborne illness at home depends on 
several factors – the presence of microbial contamination, the consumer’s knowledge of 
the risk, and the execution of safe food handling behaviors [92].  Pathogens may be 
introduced to the domestic environment via naturally contaminated raw foods, transfer 
from the environment (carried by animals or insects), or transfer from another person 
(fecal-oral contamination and aerosolization).  Under the right conditions in the home 
these organisms have the potential to survive, grow, spread to other surfaces, persist for 
long periods of time and/or contaminate food. 
5.1.1 Microbial Contamination in the Domestic Environment 
Escherichia coli and Staphylococcus aureus have frequently been isolated from a 
variety of surfaces in domestic kitchens [81, 82, 93-107, 115, 177, 180]. The ability of 
these bacteria to quickly spread throughout the kitchen is evident by their frequent 
isolation from areas where hand contact occurs – dishwasher and refrigerator handles, 
microwave touchscreens, oven knobs, kitchen faucet handles, and utensils [93, 95, 97-99, 
102, 103, 107].  Adequate personal hygiene, hand washing, and cleanliness can reduce 
the spread of these organisms throughout the domestic environment.  In addition to 
typical Coagulase positive S. aureus, three studies have tested samples from consumer 
homes for Methicillin Resistant S. aureus (MRSA) strains [93, 101, 115].  MRSA has 
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been reported throughout all areas of the domestic environment, and specifically in 
kitchen sinks, garbage cans, counter tops, dishcloths/sponges, pet food bowls and infant 
high chairs [93, 101, 115].   
Listeria spp. and L. monocytogenes have been isolated most often from areas 
within consumer refrigerators – including shelves, drawers, and food samples [96, 104, 
105, 109-113].  Because Listeria can survive and multiply at typical refrigerator 
temperatures, proper cold storage is not sufficient to prevent colonization by these 
organisms.  Two additional studies isolated Listeria and L. monocytogenes in relatively 
high frequencies from dishcloths/ sponges (up to 37% and 17% of samples, respectively) 
[100, 110, 185].  Salmonella has also been detected in consumer homes, most often from 
dishcloths/sponges [81, 82, 100, 114] and refrigerators [96, 100, 105, 106, 114].  Only 
one study found Campylobacter present “naturally” in the domestic kitchen [81].  Other 
contamination, such as fecal coliforms and opportunistic pathogens (Pseudomonas 
aeruginosa, Klebsiella pneumoniae, Enterobacter sakazakii, Yersinia enterocolitica, and 
Bacillus cereus) has been isolated from surfaces in consumer homes [80, 81, 93, 94, 97, 
99, 102-106, 111, 114, 117, 130, 177-180]. 
5.1.2 Consumer Food Handling Behavior 
The total number of infections caused by food prepared in the domestic 
environment is not known, however a variety of evidence supports the assertion that 
consumers play a critical role in the prevention of foodborne illness.  Data from the 
Centers for Disease Control (CDC) report private homes as the second most common 
location associated with outbreaks of foodborne disease [7].  These data are helpful 
estimates but do not represent the true incidence associated with private homes.  Food 
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prepared at home is more likely to cause sporadic infections, which have higher rates of 
underreporting [91].  Because there is currently no reliable method to measure the true 
burden of foodborne illness associated with home food preparation, surrogate measures 
are used to evaluate this environment.  Self-reported data and observational studies are 
used often to describe food-handling behavior and knowledge level of consumers.  As 
shown previously, foodborne pathogens can survive on a variety of surfaces in the home, 
indicating the importance of consumer behavior in the prevention of foodborne illness.  
These results may be combined with microbiological data in order to validate the 
presence of possible food safety hazards. 
5.1.2.1 Clean 
When asked about hand washing respondents frequently report correct behavior 
for only certain activities, such as washing hands before preparing food or after touching 
raw meat or chicken [116].  Other behaviors, such as washing hands after cracking raw 
eggs, and after activities such as handling animals, gardening, or changing baby diapers 
have much lower rates of compliance among consumers [85, 105, 116].  Researchers in 
the UK observed 91% of parents washed their hands with soap after using the bathroom, 
however in the same group only 42% washed with soap after changing a dirty diaper 
[117].  Microbial samples collected from these homes identified widespread fecal 
contamination, especially in rooms where diaper changing took place [117].  Another 
study found that participants who reported correct hand washing techniques had 
significantly lower levels of coliforms, and were less likely to have a pathogen present in 
the refrigerator than participants who reported incorrect hand washing [105]. 
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In addition to incorrect hand washing, chopping food items directly on the kitchen 
counter was associated with higher levels of coliforms in prepared food [98].  Hygiene 
and sanitation of food preparation surfaces and utensils is also necessary to prevent 
survival and transfer of pathogens on these items.  A variety of incorrect methods have 
been reported by consumers when asked to describe cleaning techniques, such as the use 
of baking soda, vinegar, and/or lemon juice to sanitize surfaces [85, 97, 105], overuse of 
bleach [119], and lack of soap or hot water when washing hands and dishes [120-122].  
Kennedy et al. found participants who report correct methods to clean and sanitize 
utensils were less likely to have a pathogen present in their refrigerator, compared to 
participants who incorrectly cleaned and sanitized utensils [105].  In one observational 
study, failure to correctly sanitize cutting boards in between contact with raw chicken and 
fresh produce was associated with the presence of L. monocytogenes on produce [98]. 
5.1.2.2 Separate 
In order to prevent cross contamination, raw meat, fish, and poultry must be kept 
separate from ready to eat foods and other surfaces [76]. Following preparation of a roast 
chicken, 25 participants were provided with the necessary instructions and materials to 
collect swab samples from food preparation surfaces, in order to track the spread of 
contamination [123].  Transmission of pathogens from the raw chicken to other areas 
resulted in cross contamination of participant hands (24%), refrigerator door handles 
(4%), oven handles (20%), counter tops (24%), dish draining boards (32%) and dish 
cloths (12%) [123].  In this study E. coli was transferred between surfaces least often 
(9.5% of times), while cross contamination of Salmonella, Campylobacter and S. aureus 
occurred much more frequently: 16.6%, 18%, and 19.7% of times, respectively [123].  
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5.1.2.3 Heating and Cooling 
Results from survey data indicate consumers often do not follow recommended 
guidelines for heating food.  Consumers report consumption of several types of raw and 
undercooked foods, including eggs, fish, beef, and shellfish [85, 116].  The majority of 
consumers use some method other than temperature (i.e., smell, appearance, texture) to 
determine doneness of meat [85, 105, 127].  Results from a visual observation indicate 
homes with a meat thermometer available are less likely to have Listeria contamination, 
compared to homes without thermometers [96]. 
Many consumers allow leftover food to cool at room temperature for more than 
two hours, and in some cases even overnight [125, 127, 128].  Refrigerated leftovers 
should not be stored in large, deep containers because it prevents the food from cooling 
quickly, however this practice has been reported by up to 80% of consumers [129].  
Visual observation of leftovers that were incorrectly cooled, packaged, or stored was 
significantly associated with the presence of Listeria contamination in the home [96].  
This same study found incorrect refrigeration temperature was significantly associated 
with Listeria contamination in the home, and the presence of high risk foods in the 
refrigerator significantly associated with L. monocytogenes in the home [96].   
Between 21-84% of consumers report thawing frozen meat unsafely, either at 
room temperature or in standing water [85, 105, 122, 127].  Consumers who were 
observed thawing raw meat at room temperature had higher levels of coliforms present in 
prepared foods [98] and higher levels of Enterobacteriaceae on food surfaces [130] than 
consumers who food prepared correctly. 
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5.1.3 Statement of Problem and Justification 
The ubiquitous use of audit tools to evaluate the safety of foodservice facilities 
has encouraged the development of similar tools to study the domestic environment.  This 
type of visual inspection may be especially useful to study consumer households because, 
unlike survey questionnaires and behavior observation, it records the presence of 
conditions that are physically tangible and clearly evident without room for 
interpretation.  Inspection checklists provide explicit details for observers and should be 
evaluated to ensure reliability.  Compared to behavior observation a visual inspection is 
not only more easily generalizable; it is also less expensive, less invasive, and less time 
consuming.   Practicality is an important consideration for consumer food safety research, 
due to the plethora of studies that focus on a small or distinct sample population.   
To date few studies have combined visual inspection with microbial sampling to 
identify relationships between conditions in the domestic environment and microbial 
contamination.  Rodriguez-Marval et al. investigated conditions related to the presence of 
Listeria monocytogenes in homes in a rural environment [96].  Results from this study 
indicate behaviors related to handling and cooking of perishable foods, as well as 
personal cleanliness habits, affect the probability of isolating Listeria from the home [96].  
These results are limited however by the narrow scope of this study (assessing the 
presence of a single pathogen in a rural farm environment), as well as the method of 
reporting results.  Results from a simple assessment of conditions were combined with 
self-reported data and other results to create a combined score for each behavior construct 
[96].  This method eliminates the ability to draw conclusions about the prevalence of 
singular conditions among this population. 
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Sharp et al. collected samples from surfaces in 6 communal college kitchens, 
which were compared to results from a simple visual evaluation of cleanliness (using a 1 
– 5 scale to rate each area from “very clean” to “very dirty”) [144].  No relationship 
between the visual hygiene score and contamination (total viable counts and coliforms) 
were reported in the study, and few conclusions were able to be drawn.  It’s possible the 
lack of results was related to the extremely small sample size, or to the use of informal 
observation methods [144].  This study emphasizes the necessity of measurement tools to 
be reliable, with each criteria clearly defined (especially when evaluating subjective 
items, such as cleanliness).  Furthermore, measurement tools should be user friendly so as 
not to confuse raters – the hygiene scale described by Sharp et al. rates areas from 1 – 5, 
however “1” represents the best score (very clean) and “5” represents the worst (very 
dirty).  This backwards designation may complicate the evaluation process and confuse 
the reader. 
In addition to the studies described here, only two others have compared 
microbial contamination to the presence of an observed condition (refrigerator 
temperature).  Measurement of refrigerator temperature is useful in these types of studies, 
as it represents an objective condition.  Lack of structure and objectivity during the visual 
observation reported in the other studies may have contributed to their inconsistent 
results.  Microbial contamination has not been compared with results from a full-scale 
audit of consumer homes.  This method has the potential to identify significant 
associations between consumer behavior and foodborne pathogens, if executed 
appropriately.   
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This gap in the literature indicates a need for an interdisciplinary approach, 
combining results from a standardized audit instrument and microbiological samples, to 
evaluate the safety of food preparation areas in the domestic environment.  The objective 
of this study is to identify relationships between the presence of foodborne pathogens and 
unsafe food-handling behaviors observed in consumer homes, which have been 
previously reported in chapters 3 and 4. 
5.2 Materials and Methods 
5.2.1 Visual Inspection and Data Collection from Consumer Homes 
A representative sample of Philadelphia was recruited and enrolled in this study 
(N = 100).  As described previously, two trained researchers performed a visual 
inspection of consumer homes using an audit tool to record conditions related to safe 
food-handling behavior (Appendix).  Environmental samples were collected from five 
locations in domestic kitchens:  refrigerator door handle, refrigerator shelf, refrigerator 
meat drawer, kitchen sink, and counter top.  A used sponge or dishcloth was also 
collected from homes, when available.  Samples were evaluated for hygiene indicators 
(coliforms and fecal coliforms) as well as common foodborne pathogens (E. coli, S. 
aureus, Listeria, Salmonella, and Campylobacter).  Results from the visual inspection 
were compared to microbiological data to identify conditions associated with the 
presence of contamination in homes. 
5.2.2 Data Analysis 
To protect the privacy of the participants all personal information (names, 
telephone numbers, and addresses) was stored on a password protected computer.  After 
each visit all unique information (except census tract location) was erased and a random 
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five-digit code was used to identify the home.  Per IRB protocol, signed consent forms 
were the only document that contained both the participant’s name and the random five-
digit code.  These forms were kept separate from all other data, in a locked cabinet with 
limited access.   
Compliance with recommended food safety guidelines was calculated for audit 
tool questions with adequate reliability (as reported previously).  Because the visual 
assessment was completed by both raters in all homes, each audit tool criterion was 
observed 200 individual times.  A compositional data model was used to combine 
individual results into a valid, group-level construct [169].  For the sufficiently reliable 
questions, necessary and exact conditions were defined to specify how to summarize 
group characteristics [169].  For example, if only one rater identified pest infestation in a 
home, that condition was still considered present in the home.  In this example 
disagreement is more likely caused by a difference in observation (one rater sees a 
mouse, the other does not) rather than by a difference in judgment (one rater thinks mice 
are pests, the other does not).  In this manner different conditions were used to 
summarize group data based on the construction and subjectivity of the particular 
question, and the sensitivity of these approaches will be evaluated. 
All experimental results were recorded in a laboratory notebook and periodically 
transferred to an Excel spreadsheet.  Total coliform counts that were below the detection 
limit (< 0.3 MPN/ml) were assigned a value halfway between the absence of cells and the 
detection limit, 0.15 MPN/ml, for data analysis.  Similarly, coliform counts that were 
above the detection limit (> 1100 MPN/ml) were estimated with a number one value 
greater than the detection limit, 2400 MPN/ml.  All refrigerator temperature data was 
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reported in both Fahrenheit and Celsius, because the °F temperature scale is familiar to 
consumers in the United States and because many food safety education programs 
provide recommendations in Fahrenheit. 
Results for all microbial tests were reported by sampling location as well as per 
household.  Data presented by location allow comparison between different environments 
found on the surfaces and can be used to identify specific vectors for contamination 
within the home.  On the other hand, the average levels and frequencies of contamination 
per household give a more broad description of this environment, and may help evaluate 
the role of the domestic kitchens as a reservoir for foodborne pathogens.   
For most sampling sites a template was used to measure a 10 in2 rectangle, 
designating the area to swab.  However there were wide variations in the size and shape 
of both refrigerator door handles and dishcloths/sponges surveyed.  For the reason 
enumeration data for coliforms, fecal coliforms, E. coli and S. aureus was recorded as 
MPN/ml and multiplied by either 60 or 200 (ml/sample) to estimate MPN/sample.  MPN 
counts were finally converted to a logarithmic scale (base 10) and averaged to report the 
Mean Log10MPN/sample for each location.  MPN counts for were also reported per 
household, calculated by averaging the MPN counts of individual samples collected from 
each home (Mean Log10MPN/home).  Presence or absence of fecal coliforms and 
pathogens were recorded for all samples and reported as the percent positive per location 
(calculated out of the total number of samples collected from each sampling site).  
Presence/absence was also reported by household, representing the total number of 
homes where contamination was found as a percentage of all homes surveyed.   
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Statistical analyses were completed using the Statistical Package for the Social 
Sciences (SPSS), release 22.0.0 (IBM SPSS Statistics 22, IBM Corporation).  Descriptive 
statistics and frequencies were calculated for all qualitative data.  Independent t tests were 
run to identify differences in-group means for numerical variables (refrigerator 
temperature, enumeration counts).  Dichotomous variables (participant demographics, 
presence/absence data) were compared using cross-tabulations and Pearson’s Chi Square 
test used to evaluate differences between groups.  Relative risk was calculated to evaluate 
trends in microbial contamination associated with observed conditions. 
5.3 Results 
5.3.1 Participant Demographics 
A total of 100 subjects from 71 census tracts in Philadelphia completed this study.  
Participants were mostly female (86%) and represented a wide variety of ages, education 
levels, economic statuses, and racial/ethnic backgrounds (reported previously).  Subjects 
varied in age from 18 to 84 years old, with the highest proportion (29%) falling in the 45-
54 yeas old group.  The most commonly reported annual income was below $15,000 
(25%), and African American was the most common race/ethnicity (47%). 
5.3.2 Observations of Consumer Homes 
Results from the visual assessment were used to evaluate the participant’s 
compliance with recommended food safety guidelines (reported previously).  This 
method was able to document conditions related to many types of food handling 
behavior, including cleaning/sanitation techniques, separation of raw and ready-to-eat 
(RTE) foods, and cooling/storage of perishable foods.   
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5.3.3 Refrigerator Temperature 
Among the 100 homes assessed in this study, refrigerator temperatures ranged 
from below freezing (26.1°F, -3.3°C), to very warm (53.6°F, 12.0°C), with a mean 
temperature of 39.7°F (4.3°C).  Almost half (48%) of homes had a refrigerator that was 
too warm (≥40°F or 4.4°C), of which 38% had moderately high temperatures between 
40.1 – 45.0°F (4.5-7.2°C).  Only 10% of homes had refrigerator temperatures above 
45.0°F (7.2°C), however, this condition may pose a serious food safety risk, especially 
for vulnerable populations. 
5.3.4 General Hygiene Indicators 
Fecal coliforms were isolated from 15% (N=83) of all samples collected, and 
were found most frequently in samples from kitchen sinks.  Among these positive 
samples, the highest levels of fecal coliforms were found on dishcloths and sponges, and 
the lowest levels on refrigerator door handles. (reported previously). 
5.3.5 Presence of Foodborne Pathogens in Domestic Kitchens 
The majority (52%) of homes had at least one target organism (E. coli, S. aureus, 
Listeria, or C. jejuni) present, while 19% had multiple pathogens present in the kitchen. 
S. aureus was found most often, isolated from 39% of domestic kitchens.  E. coli and 
Listeria spp. were each present in 15% of kitchens, and C. jejuni was present only in 3 
homes.  Salmonellae were not found in any homes.  Three homes had L. monocytogenes 
present in the kitchen, and in one case L. monocytogenes was isolated from multiple sites 
in a single kitchen.   
Samples were collected from up to six locations in each home, yielding a total of 
557 total samples.  Foodborne pathogens were isolated from 20% (112) of all samples 
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collected during this study.  Of the four target organisms detected in samples from 
consumer homes, S. aureus was isolated most frequently.  S. aureus was found in 14% 
(N=75) of samples, more than four times as often as the next two most common 
organisms.  Escherichia coli were isolated from 3% of samples, most often from kitchen 
sinks and dishcloths/sponges.  Listeria spp. were also isolated from 3% of samples, with 
the highest proportion (10%) from refrigerator meat drawers.  Listeria monocytogenes 
was isolated once each from a refrigerator door handle, refrigerator drawer, kitchen sink 
and dishcloth/sponge sample.  
5.3.6 Conditions Associated with Microbial Contamination 
5.3.6.1 Hygiene Indicators 
Several observations were associated with high coliform levels on surfaces in the 
kitchen (Table 19).  Homes that lacked dish soap in the kitchen and/or paper towels in 
the bathroom had significantly higher levels of coliforms isolated from the kitchen sink 
(p = 0.001) and counter (p = 0.003), respectively.  Homes without cleaning and sanitizing 
materials also had higher levels of coliforms present on the counter, however the different 
was not significant (p = 0.092).  Homes with signs of pest infestation had significantly 
higher presence of coliforms on the kitchen counter (p = 0.012) compared to homes with 
no pest infestation.  Significantly higher coliform counts were isolated from refrigerators 
where ready-to-eat food was loosely wrapped and able to contact refrigerator surfaces. 
Higher coliform levels were sometimes associated with the presence of foodborne 
pathogens.  Coliform levels isolated from refrigerator shelves and kitchen counters were 
significantly higher in homes where a pathogen was present on either of those surfaces 
than in homes with no pathogens (2.7 Log10 MPN/sample vs. 2.0 Log10 MPN/sample for 
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refrigerator shelves [p = 0.025]; 3.8 Log10 MPN/sample vs. 2.9 Log10 MPN/sample for 
kitchen counters [p = 0.045]).  This relationship was not found on any other surface.  
Mean coliform level of all kitchen surfaces was higher in homes where fecal coliforms 
were isolated (3.4 Log10 MPN/sample vs. 2.5 Log10 MPN/sample, p < 0.001).   
 
 
 
Table 19.  Observations Associated with Total Coliform Count, by Location 
Condition	
Total	Coliform	Count	(Log10	MPN/Sample)	
Mean	±	SD	(N)1	
Location	 p	value
Observed	 Not	Observed	
Pest	infestation	 3.4	±	1.6		(65) 2.5	±	1.6	(35)	 Counter	 0.012	
Sanitizing/Cleaning	materials	
present	
3.0	±	1.7	(88) 3.7	±	1.3	(12)	 Counter	 0.092	
Paper	towels	in	bathroom	 3.0	±	1.7	(41) 4.6	±	0.9	(7)	 Counter	 0.003	
Dish	soap	in	kitchen	 3.8	±	1.7	(96) 5.0	±	0.4	(4)	 Sink	 	0.001	
Dirty	dishes	in	sink	 4.0	±	1.6	(66) 3.4	±	1.7	(34)	 Sink	 0.09	
RTE2	foods	packaged	securely 1.8	±	1.3	(43) 2.4	±	1.4	(57)	 RF2	Shelf	 0.036	
1SD; Standard Deviation; N is the number of homes where each condition was 
observed or not observed 
2RF;	Refrigerator,	RTE;	Ready‐to‐eat	
	
The presence of fecal coliforms in the home was also an indicator of foodborne 
pathogens in consumer homes.  Homes where fecal coliforms were present had 
significantly higher occurrence of pathogens in the kitchen (54%, n=28) compared to 
only 33% (n=16) of homes where pathogens were not found (p = 0.039).  Incidence of 
foodborne pathogens in kitchen sink samples was higher (62% positive) when fecal 
coliforms were also isolated from the sink (38% positive when they are absent, p = 
0.002).  The presence of fecal coliforms in the kitchen sink was also strongly related to 
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the detection of multiple pathogens in the home.  Of the 19 homes where multiple 
pathogens were isolated, 58% had fecal coliforms present in the sink (p = 0.01).  
 
 
 
Table 20.  Selected Factors Associated with the Presence of Fecal Coliforms from 
Various Locations in Consumer Homes (for Full Summary of Results See Appendix 
6) 
Condition 
Location 
% Pos 
Observed 
(N)1 
% Pos Not 
Observed 
(N)1 
p value* Relative Risk (95% CI)2 
Presence of cutting boards 
Counter 10 (5) 22 (11) 0.085 0.658 (0.439-0.987) 
Sink 24 (12) 43 (21) 0.04 0.549 (0.304-0.991) 
Counter tops are clean     
Sponge/Dishcloth 17 (9) 35 (16) 0.037 0.479 (0.234-0.980) 
Cutting boards are clean   
Counter 5 (2) 38 (3) 0.024* 0.127 (0.025-0.643) 
Cleaning/Sanitizing materials available   
Counter 14 (14) 33 (12) 0.098* 0.381 (0.130-1.116) 
Paper or hand towel in bathroom   
Counter 15 (6) 57 (4) 0.027* 0.256 (0.096-0.682) 
Paper towels in kitchen    
Counter 11 (8) 28 (8) 0.046* 0.408 (0.169-0.984) 
Pest infestation      
Counter 23 (15) 3 (1) 0.009 8.077 (1.113-58.622) 
Raw meat/fish/ poultry in refrigerator   
Sponge/ 
Dishcloth 
39 (13) 18 (12) 0.02 2.199 (1.131-4.276) 
Refrigerator interior clean 
Home 27 (8) 51 (36) 0.022 0.519 (0.275-0.979) 
RTE3 food packaged incorrectly   
Home 53 (30) 33 (14) 0.045 1.434 (1.010-2.007) 
*All	significance	values	from	Chi‐Square	test,	except	when	noted.		Fisher	Exact	test	
was	used	when	expected	cell	counts	were	less	than	5.	
1Percent	of	homes	positive	for	fecal	coliforms	when	the	condition	was	observed	vs.	
when	it	was	not	observed,	out	of	the	total	(N)	number	of	homes	positive	for	fecal	
coliforms	
2CI;	Confidence	Interval	–	Relative	risk	values	less	than	1.0	represent	decreased	risk	
(protective	effect)	
3RTE;	Ready‐to‐eat,	RF;	Refrigerator	
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Table 20 provides results of the Chi-square analysis to identify conditions 
associated with the presence of fecal coliforms in the domestic environment.  The relative 
risk (RR) is a proportional measure that describes the probability of an event occurring in 
an exposed group, and compares the results with the probability of the same event in a 
non-exposed group.   
This method can be used to estimate the effect of specific conditions on microbial 
data [186, 187].   In this case the microbial contamination is “the event,” and their 
probability in homes “exposed” to unsafe food handling is compared to their presence in 
unexposed homes.  A relative risk of 1.0 indicates no difference between groups, while a 
score above 1.0 suggests the event (contamination) is more likely to occur in the exposed 
group than in the non-exposed group.  Likewise, a score below 1.0 denotes the event is 
less likely to occur in the exposed group than in the non-exposed group (it has a 
protective effect).  Several factors were identified as protective against fecal 
contamination in the home, including the presence of a cutting board, paper or hand 
towels in the bathroom, and specifically paper towels in the kitchen (Table 20).  When 
observed in homes, unsafe food handling behaviors such as incorrect packaging of RTE 
foods and pest infestation were associated with increased likelihood of fecal 
contamination (Table 20).  Although not considered a food safety hazard, the presence of 
raw meat, fish, or poultry was also associated with increased risk of fecal coliforms on 
kitchen sponge and dishcloth samples (Table 20). 
This same method was used to evaluate risks related to other foodborne pathogens 
in this study (Table 21).  As with fecal coliforms the presence of paper or hand towels in 
the bathroom and kitchen reduce risk of contamination by S. aureus and E. coli. 
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Table 21.  Selected Factors Associated with the Presence of Foodborne Pathogens in 
Consumer Homes (for Full Summary of Results See Appendix 6) 
Condition 
 
% Pos 
Observed 
(N)1 
% Pos Not 
Observed 
(N)1 
p 
value
* 
Relative Risk (95% 
CI)2 
Paper or hand towel in bathroom 
S. aureus in home 31 (13) 71 (5) 0.06* 0.444 (0.232-0.850) 
S. aureus on RF3 handle 12 (5) 43 (3) 0.08* 0.285 (0.087-0.931) 
Paper or hand towel in kitchen 
E. coli in sink 8 (7) 33 (3) 0.04* 0.231 (0.072-0.741) 
S aureus on RF handle 14 (13) 44 (4) 0.04* 0.321 (0.132-0.780) 
Counter tops are clean     
E. coli in home 6 (3) 26 (12) 0.004 0.213 (0.064-0.709) 
Animal observed in kitchen during audit 
Listeria spp. in home 30 (8) 10 (7) 0.02* 3.09 (1.240-7.702) 
Listeria spp. in RF 22 (6) 4 (3) 0.01* 5.407 (1.454-20.115) 
S. aureus on counter 30 (8) 12 (9) 0.04* 2.403 (1.034-5.588) 
Dirty dishes/utensils in sink 
Pathogen in home 61 (40) 35 (12) 0.016 1.717 (1.047-2.817) 
Listeria spp. in home 20 (13) 6 (2) 0.067 2.824 (0.755-10.558) 
S. aureus in home 46 (30) 27 (9) 0.065 1.776 (0.930-3.393) 
Refrigerator interior is clean     
Multiple pathogens in 
home 
7 (2) 24 (17) 0.04 0.275 (0.068-1.115) 
Raw meat/fish/poultry in refrigerator 
E. coli in home 24 (8) 10 (7) 0.07* 1.513 (0.866-2.643) 
S. aureus on RF shelf 24 (8) 8 (5) 0.02* 3.248 (1.152-9.160) 
Multiple pathogens in 
home 
30 (10) 13 (9) 0.043 2.256 (1.015-5.012) 
Raw meat/fish/poultry packaged incorrectly 
S. aureus on RF handle 33 (6) 6 (1) 0.07* 3.769 (0.593-23.951) 
*All	significance	values	from	Chi‐Square	test,	except	when	noted.		Fisher	Exact	test	
was	used	when	expected	cell	counts	were	less	than	5.	
1	Percent	of	homes	positive	for	a	given	contamination	when	the	condition	was	
observed	vs.	when	it	was	not	observed,	out	of	the	total	number	of	homes	(N)	that	
contamination	occurred	
2CI;	Confidence	Interval	–	Relative	risk	values	less	than	1.0	represent	decreased	risk	
(protective	effect)	
3	RF;	Refrigerator	
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The behavior that had the most significant impact on foodborne pathogens 
isolated from kitchen samples was animal(s) present in the kitchen during the inspection, 
which was associated with Listeria spp. in the home (RR = 3.09) as well as to S. aureus 
on kitchen counters (RR = 2.403) (Table 21).  The presence of unclean dishes and 
kitchenware in the sink was also significantly associated with the presence of a pathogen 
somewhere in the kitchen, not specifically from the sink location (RR = 1.717) (Table 
21).  Although chi-square and relative risk tests did not identify significant associations 
with refrigerator temperature, results from independent t-tests indicate refrigerators that 
tested positive for either fecal coliforms or Listeria had significantly higher mean 
operating temperatures (44.5°F and 44.0°F, respectively) than the uncontaminated 
equivalents (39.5°F for both) (p = 0.021, p = 0.004).  The presence of raw meat, fish, or 
poultry was also significantly associated with E. coli and S. aureus, one of only two 
factors related to the presence of multiple pathogens in the home (Table 21). 
5.4 Discussion 
5.4.1 Factors Related to Microbial Contamination 
Our results indicate three distinct types of contamination associated with the 
presence of raw meat, fish and/or poultry in consumer homes: E. coli in the home, S. 
aureus on the refrigerator shelf, and the presence of multiple pathogens in the home.  
Additionally, a lack of secure packaging on raw meat was associated with S. aureus 
found on the refrigerator door handle.  Although the presence of raw meat, fish and 
poultry in the refrigerator is not considered a violation of safe food-handling guidelines, 
these findings suggest that when raw meat is present in the home frequent mishandling 
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occurs, which leads to the transfer of foodborne pathogens throughout kitchen surfaces.  
Contaminated food items that are not properly packaged may transfer pathogens upon 
contact with the consumer’s hands, other surfaces, and/or other exposed foods.  The 
situation is especially problematic in domestic refrigerators:  because L. monocytogenes 
and S. aureus grow at 40°F (4.4°C), even a few surviving cells can multiply and persist in 
these areas.  
Other studies have described the association between high-risk food items and 
overall contamination of the kitchen.  Listeria spp. and L. monocytogenes have been 
isolated in food samples collected from domestic kitchens, most often from processed 
meats and soft cheeses [96, 112, 184].  Rodriguez-Marval et al. evaluated risk factors 
associated with the presence of Listeria contamination in rural homes [96].  After 
isolating L. monocytogenes from 50% of food samples in these homes, the authors 
concluded contaminated food, not ruminant animals or other rural characteristics, were 
the main source of contamination in these homes.  Results from this research and others 
suggest these foods are sources for contamination, as well as vehicles that transfer 
contamination to other surfaces.  There may be need for continued consumer education 
regarding safe food handling and proper separation of raw meat items.   
Observation of a pet in the domestic kitchen was also significantly related to 
several types of contamination.  In this study Staphylococcus aureus was found on the 
counter tops in 30% of homes where animals were observed in the kitchen, significantly 
higher than the 12% of homes with no animal observed (p = 0.04).  These results agree 
with findings reported by Scott et al., who investigated social characteristics related to the 
presence of S. aureus and Methicillin Resistant S. aureus (MRSA) in consumer homes, 
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and report the odds of having MRSA present on multiple surfaces were 7.9 times higher 
if there was a pet cat in the house [93].  Another study in 2003 categorized food-handling 
behaviors as they relate to specific pathogens, and linked the presence of pets in the 
kitchen with Toxoplasma gondii, [71].  In addition to consumption of under-cooked meat, 
T. gondii is carried and transmitted to humans by domestic cats [188].   
Results from this project indicate several relationships between microbial 
contamination and consumer behavior that other studies have not reported.  Azevedo et 
al. attempted to document microbial patterns associated with the presence of a pet at 
home, number and type of cutting board, and types of dish and hand cloths in the kitchen, 
yet found no relationships evident in samples from Portuguese homes [102].  Our 
findings suggest the presence of paper or hand towels in the bathroom and kitchen reduce 
risk of contamination by S. aureus and E. coli (RR range from 0.231 – 0.444), and that 
cutting boards are associated with a similar effect on fecal contamination (RR = 0.549).  
Animal(s) present in the kitchen during the inspection were related to Listeria spp. in the 
home, RR = 3.09, as well as to S. aureus on kitchen counters, RR = 2.403.  Carpentier et 
al. collected samples from consumer refrigerators to correlate with conditions related to 
cleaning and food storage, including whether RTE foods are wrapped securely in the 
refrigerator [103].  The authors report no contamination associated with poorly wrapped 
RTE food items in the refrigerator, however our research indicate this condition is related 
to both fecal contamination and higher coliform counts.  Self-reported data were utilized 
in both studies to collect behavior information from consumers.  Discrepancies in 
reporting and accuracy of consumer responses may account for the differences in their 
results from what has been presented here. 
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5.4.2 Validity of the Visual Inspection 
Of the 18 items on the audit tool that were compared to microbiological data, 13 
were significantly associated with some type of contamination from consumer homes.  
These results suggest this tool may be a practical and standardized approach for 
researchers to investigate potential food safety risks in the domestic environment.  
Although a visual inspection cannot truly replace microbial samples as the “gold 
standard” for detecting presence of contamination in consumer homes, this method may 
be useful to researchers who lack the time and/or resources necessary to conduct a full-
scale microbiological investigation. 
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CHAPTER	6:		OVERALL	CONCLUSIONS	AND	DISCUSSION	
	
6.1	 Use of an Audit Tool and Visual Inspection in the Domestic Environment 
This research has resulted in the development and validation of a user friendly, 
objective audit tool available with instructions for use.  It is intended that researchers may 
therefore use this to identify unsafe food handling practices in the domestic kitchens of 
consumers.  It was developed so that it could be used universally and eventually may 
allow researchers to compare risks in the home for consumers who represent a range of 
demographics or geographic locations.  Of the 18 items on the audit tool that were 
compared to microbiological data, 13 were significantly associated with some type of 
contamination from consumer homes.  These results suggest this tool may be a practical 
and standardized approach for researchers to investigate potential food safety risks in the 
domestic environment.  Although a visual inspection cannot truly replace microbial 
samples as the “gold standard” for detecting presence of contamination in consumer 
homes, this method may be useful to researchers who lack the time and/or resources 
necessary to conduct a full-scale microbiological investigation. 
6.2 Unsafe Food-Handling Conditions in the Domestic Environment 
The visual inspection described in this research provides a “snapshot” of 100 
consumer homes, using a previously developed audit tool to record the presence of unsafe 
food handling practices [165].  This method has been utilized infrequently to describe 
hazards present in the domestic environment; therefore one purpose of this study was to 
compare our findings with results of similar studies that have evaluated consumer homes.  
Direct comparison with observations from other studies was not always possible, due to 
the limited number of conditions that have been reported using this method.   
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Evidence of pest infestation was found in 65% of consumer homes observed 
during this study, and is believed to contribute significantly to food safety risk.  However 
pest infestation was only observed by one other study, which reported significantly lower 
prevalence of this condition (present in only 3% of homes) [153].  This difference may 
indicate pest infestation is a more significant problem in urban environments; however 
more recent observational data are necessary to describe this relationship.     
Visual observations revealed almost all (92%) consumers who reported owning a 
pet allowed it access to the kitchen, and 27% were actually observed in the kitchen during 
this inspection.  These findings seem to agree with other studies that report more than 
half of participants allow pets in their kitchen, and only 7% knew to wash their hands 
after contact with domestic animals [105].  It’s possible consumers are aware domestic 
animals should not be allowed on kitchen tables and countertops, however not that pets 
should be kept out of the food preparation area entirely.   
The cleanliness of several food contact surfaces was documented, including 
cutting boards, sponges/dishcloths and refrigerator interiors.  Of these surfaces, 
refrigerator exteriors and kitchen sinks were reported unclean most often (70% and 82% 
of homes, respectively), while cutting boards were reported dirty much less often (23% of 
homes where cutting boards were present).  It is difficult to make comparisons between 
these findings and reports from other studies, based on the use of a wide variety of tools 
and techniques to describe cleanliness.  One study that included a large inner-city 
population reported 85% of all food preparation areas were visibly clean [140], while 
other studies report 48-78% refrigerator surfaces [103, 133] and 62% kitchen sponges 
[154] were clean.  Only two of these four studies report specific details regarding the 
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validity and reliability of their methods, despite recommendations to rigorously evaluate 
measurement tools [120, 140].  There is a need for improved standards of measurement in 
consumer studies, especially for topics such as that are difficult to describe quantitatively. 
Compliance with recommended guidelines for proper cooling and storage of 
foods was also evaluated with the audit tool.  Refrigerators observed during this study 
were found operating above the recommended temperature (40.0°F) in almost half (48%) 
of consumer homes.  These observations are consistent with reports from several other 
studies, which found between 25-61% of domestic refrigerators tested were too warm 
[98, 105, 138, 147].  Raw meat or poultry was observed at room temperature in only 6% 
of homes, which is a much higher rate of compliance than expected based on 
observational research.  Three such studies report 65-72% of participants incorrectly thaw 
frozen raw meat or poultry at room temperature [121, 142, 145].  These studies reported 
conditions present during meal preparation, and required the subject to handle meat or 
poultry at some point during the inspection.  Although a standardized checklist was used 
in each study to record observations, unsafe conditions are more likely to be present in 
the kitchen while meal preparation occurs.  This difference in methodology may account 
for the greater compliance among consumers observed during this study. 
6.3 Microbial Contamination in Consumer Homes 
Coliform bacteria are traditionally believed to be an indicator of fecal 
contamination in drinking water, but are more recently and accurately used to indicate 
general effectiveness of hygiene/sanitation measures [97]. Coliform bacteria were 
detected in all locations during this study, and represent a wide range of contamination 
levels.  Kitchen sinks and dishcloth/sponge samples were the most contaminated areas 
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(46 and 64% of samples above 5 log MPN), while samples from refrigerator door handles 
were the least contaminated (66% of samples below 1 log MPN).  Other studies have 
reported similarly high amounts of coliform bacteria present in dishcloths and sponges 
[100].  In this study high levels of coliforms were associated with several unsafe food-
handling behaviors, including pest infestation, lack of cleaning and sanitizing materials, 
and exposed ready-to-eat (RTE) foods in the refrigerator.  These findings agree with the 
common use of coliform levels as an indicator of the efficacy of hygiene and sanitation 
[82, 97, 180] 
During this study fecal coliforms were isolated most often from kitchen sinks 
(33%; mean 2.7 log MPN/sample) and dishcloths/sponges (26%; mean 7.6 log 
MPN/sample).  These frequencies are lower than reported elsewhere - Carrasco et al. and 
Josephson et al. isolated fecal coliforms from 48-67% of dishcloths/sponges and from 
63% of kitchen sinks [81, 179].  During this study high levels of fecal coliforms were 
associated with a lack of hand-drying implements (paper and hand towels) in consumer 
kitchens.  This relationship supports other research that identifies hand drying, as well as 
hand washing, necessary to remove contamination [66, 170]. 
Results from this research found frequent contamination of hand contact sites 
such as dishcloths/sponges (6% E. coli), counter tops (17% S. aureus), and refrigerator 
door handles (17% S. aureus).  Two other studies report similar prevalence (3-11%) of E. 
coli from dishcloth/sponge samples [99, 177], but less contamination at the household 
level (1-6% homes) [104, 105, 177].  The overall occurrence of these pathogens in 
consumer homes during this study was relatively high (15% E. coli and 39% S. aureus), 
suggesting significant transfer of these organisms may take place in domestic kitchens. 
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S. aureus was the pathogen isolated most often during this study, present in 75 
samples from 39% of consumer homes.  Samples from kitchen counter tops and 
refrigerator door handles were contaminated most often (17% samples, each), followed 
by 14% of kitchen sinks and 13% of refrigerator shelves.  High prevalence of S. aureus 
among households was previously found by Carpentier et al. and Kennedy et al., who 
detected S. aureus in 41-43% of homes sampled [103, 105].  Similar patterns have been 
reported by others for the presence of Staphylococcus aureus on refrigerator door handles 
(2-16%, [93, 99, 103, 107] and counter tops (6-12% [93, 99]).   
The prevalence of S. aureus in domestic refrigerators represents a specific food 
safety concern, due to the organism’s ability to grow and produce toxins when exposed to 
mild temperature abuse [71, 104].  S. aureus was found inside 14% of domestic 
refrigerators sampled in this study, and was isolated from multiple surfaces within 2% of 
refrigerators.  Conflicting reports have been published regarding this contamination:  
Three studies isolated S. aureus infrequently (1-6%) of refrigerators [99, 104, 106], while 
other findings suggest a much higher prevalence (33-41%) of contamination on these 
surfaces [98, 104].  This topic should be investigated further to evaluate the true 
prevalence of this pathogen in consumer refrigerators. 
Due to the severity and high mortality rate (19.5%) [6] associated with Listeriosis 
infection, any prevalence of L. monocytogenes in domestic kitchens is cause for concern. 
Five different species of Listeria were isolated from 15% of homes during this study; of 
which 3% had L. monocytogenes present in the kitchen.  Listeria was isolated from 9% of 
refrigerators sampled during this project, and only one refrigerator (1%) harbored L. 
monocytogenes 1%.  Several other studies confirm low levels of surface contamination 
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by Listeria spp. (1-9%) and L. monocytogenes (1-6%) in domestic refrigerators [96, 104, 
105, 109, 110, 112, 113].   In 2013, Macias-Rodriguez et al. reported an alarming 60% of 
refrigerator shelves in consumer homes in Mexico tested positive for L. monocytogenes 
[100].  This high frequency of contamination is unprecedented for Listeria, and may be 
related to high consumption of unpasteurized milk and cheese that is common among 
Hispanic and Latino populations. 
6.4 Conditions Associated with Microbial Contamination  
Our results indicate three distinct types of contamination associated with the 
presence of raw meat, fish and/or poultry in consumer homes: E. coli in the home, S. 
aureus on the refrigerator shelf, and the presence of multiple pathogens in the home.  
Additionally, a lack of secure packaging on raw meat was associated with S. aureus 
found on the refrigerator door handle.  Although the presence of raw meat, fish and 
poultry in the refrigerator is not considered a violation of safe food-handling guidelines, 
these findings suggest that when raw meat is present in the home frequent mishandling 
occurs, which leads to the transfer of foodborne pathogens throughout kitchen surfaces.  
Contaminated food items that are not properly packaged may transfer pathogens upon 
contact with the consumer’s hands, other surfaces, and/or other exposed foods.  The 
situation is especially problematic in domestic refrigerators:  because L. monocytogenes 
and S. aureus grow at 40°F (4.4°C), even a few surviving cells can multiply and persist in 
these areas.  
Other studies have described the association between high-risk food items and 
overall contamination of the kitchen.  Listeria spp. and L. monocytogenes have been 
isolated in food samples collected from domestic kitchens, most often from processed 
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meats and soft cheeses [96, 112, 184].  Rodriguez-Marval et al. evaluated risk factors 
associated with the presence of Listeria contamination in rural homes [96].  After 
isolating L. monocytogenes from 50% of food samples in these homes, the authors 
concluded contaminated food, not ruminant animals or other rural characteristics, were 
the main source of contamination in these homes.  Results from this research and others 
suggest these foods are sources for contamination, as well as vehicles that transfer 
contamination to other surfaces.  There may be need for continued consumer education 
regarding safe food handling and proper separation of raw meat items.   
Observation of a pet in the domestic kitchen was also significantly related to 
several types of contamination.  In this study Staphylococcus aureus was found on the 
counter tops in 30% of homes where animals were observed in the kitchen, significantly 
higher than the 12% of homes with no animal observed (p = 0.04).  These results agree 
with findings reported by Scott et al., who investigated social characteristics related to the 
presence of S. aureus and Methicillin Resistant S. aureus (MRSA) in consumer homes, 
and report the odds of having MRSA present on multiple surfaces were 7.9 times higher 
if there was a pet cat in the house [93].  Another study in 2003 categorized food-handling 
behaviors as they relate to specific pathogens, and linked the presence of pets in the 
kitchen with Toxoplasma gondii, [71].  In addition to consumption of under-cooked meat, 
T. gondii is carried and transmitted to humans by domestic cats [188].   
Results from this project indicate several relationships between microbial 
contamination and consumer behavior that other studies have not reported.  Azevedo et 
al. attempted to document microbial patterns associated with the presence of a pet at 
home, number and type of cutting board, and types of dish and hand cloths in the kitchen, 
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yet found no relationships were evident in Portuguese homes [102].  Our findings suggest 
the presence of paper or hand towels in the bathroom and kitchen reduce risk of 
contamination by S. aureus and E. coli (RR range from 0.231 – 0.444), and that cutting 
boards are associated with a similar effect on fecal contamination (RR = 0.549).  
Animal(s) present in the kitchen during the inspection were related to Listeria spp. in the 
home, RR = 3.09, as well as to S. aureus on kitchen counters, RR = 2.403.  Carpentier et 
al. collected samples from consumer refrigerators to correlate with conditions related to 
cleaning and food storage, including whether RTE foods are wrapped securely in the 
refrigerator [103].  The authors report no contamination associated with poorly wrapped 
RTE food items in the refrigerator, however our research indicate this condition is related 
to both fecal contamination and higher coliform counts.  Self-reported data were utilized 
in both studies to collect behavior information from consumers.  Discrepancies in 
reporting and accuracy of consumer responses may account for the differences in their 
results from what has been presented here. 
Although Campylobacter was isolated infrequently from consumer homes (3%) 
during this project, these results are consistent with reports from similar studies, and 
reflect the sensitivity and fragility of this organism on dry surfaces.  Only one other paper 
reports the presence of Campylobacter on kitchen surfaces during “everyday life” (i.e., 
not during or directly following meal preparation).  Josephson et al. isolated C. jejuni 
from 2% of kitchen sinks, which is comparable to the results presented here (one positive 
sample each from a counter, sink, and dishcloth/sponge) [81].  With so little data it is 
difficult to draw conclusions regarding the presence of these organism in the domestic 
environment, however there is an important similarity between our results and those 
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reported by Josephson and colleagues:  the presence of moisture (in this study counter 
samples were always collected from an area directly next to the kitchen sink) [81].  
Almost no other studies that assessed the presence of this organism tested areas that are 
regularly exposed to water, despite the documented sensitivity of Campylobacter to 
desiccation.  Sampling sites that are commonly exposed to moisture should be included in 
future studies targeting this organism to better understand its presence in the domestic 
kitchen 
6.5 Vulnerable Populations 
Few other studies have included a description of unsafe food-handling conditions 
present in a sample of consumers who are mostly low-income and/or racial/ethnic 
minorities.  These findings indicate certain populations of consumers may lack access to 
items necessary to maintain adequate personal hygiene and prevent cross contamination.  
Certain items are generally accepted as necessary to practice adequate cleaning and 
sanitation in the domestic kitchen, such as hot water and soap [75, 79, 118].  During this 
study these items were present in almost all kitchens evaluated (97% and 96%, 
respectively), yet the implications of their absence in even a few homes must be 
considered.   
The high prevalence of dish soap in the domestic kitchen has been similarly 
reported by one other study, present in 92% of homes observed [154].  Lack of access to 
hot water in homes in a developed, first world country has not been reported elsewhere, 
and represents a potentially alarming food safety risk.  Although absent from only 3% of 
homes in this sample, the effect on the true population must be considered.  A lack of hot 
water among the same proportion of Philadelphia would affect almost 500,000 people, 
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representing a serious public health threat.  Further research is necessary to identify the 
actual prevalence of this condition among the general population, and to identify 
alternative cleaning and sanitation strategies for consumers who regularly lack access to 
hot water.    
Following proper cleaning and sanitation, kitchen surfaces and hands should be 
dried appropriately to reduce the survival and spread of microorganisms [170].  For this 
reason paper and/or hand towels in the kitchen and bathroom are necessary to ensure safe 
food handling in the home.  The tendency of reusable cloth towels to harbor and spread 
microbial contamination between kitchen surfaces has been well documented, making 
disposable paper towels the preferred option for proper sanitation [33, 77, 171-173].  The 
presence of paper towels in the kitchen was observed less often during this study (71% of 
homes) than has been reported by others using similar audit tools (83-94% of homes) 
[153, 154]. 
While the overall presence of dish soap and paper/hand towels observed in homes 
during this study is encouraging, results indicate certain consumers were more likely than 
others to lack these items in their kitchen – specifically, those who are low-income 
(below $15,000/year).  Two other violations observed during this study are related to the 
presence of particular items in the home – incorrect storage of raw meat/fish/poultry and 
incorrect storage of ready-to-eat (RTE) foods.  In order to store opened food items 
correctly in the refrigerator, items must be thoroughly and securely wrapped to prevent 
exposure and cross-contamination.  For this reason, food storage materials such as plastic 
wrap, aluminum foil and plastic bags may be considered necessary for safe food 
handling.  Results from this study indicate low-income and minority participants were 
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more likely to store RTE foods incorrectly, while low-income individuals were also more 
likely to store raw meat/fish/poultry incorrectly. 
These relationships suggest the presence of certain violations may be due to a lack 
of resources, rather than a lack of knowledge or motivation to follow safe food handling 
guidelines, for some consumers.  Similar studies report low-income individuals may lack 
access to other items necessary for safe food handling, such as meat thermometers [174] 
and sanitation materials [95].  Although not related to food safety, the burden of low-
income families to afford items that are necessary but expensive (diapers), has been 
described by Smith et al. [175].  Low-income individuals may be unable to follow 
guidelines that depend on purchasing “luxury” items such as paper towels and plastic 
wrap, and may therefore be at greater risk for foodborne illness.  Outreach programs that 
provide financial assistance or distribute kitchen items may be more beneficial than 
educational materials to these vulnerable populations. 
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APPENDIX	1:		INFORMED	CONSENT	
	
DREXEL UNIVERSITY  
CONSENT TO TAKE PART IN A RESEARCH STUDY 
 
 
1. SUBJECT NAME:   ------------------------------------------------------ 
 
2. TITLE OF RESEARCH:   Identifying and Addressing Potential Poultry and 
Egg Mishandling Habits of Minority Ethnic and Racial Populations 
 
3. INVESTIGATOR'S NAME:  Dr.  Jennifer Quinlan Co-Investigator:  
Patricia Borrusso 
 
4. RESEARCH ENTITY:  Drexel University   
 
5. CONSENTING FOR THE RESEARCH STUDY:  This is a long and an 
important document.  If you sign it, you will be authorizing Drexel University 
and its researchers to perform research studies on you.  You should take your 
time and carefully read it.  You can also take a copy of this consent form to 
discuss it with your family member, physician, attorney or anyone else you 
would like before you sign it.  Do not sign it unless you are comfortable in 
participating in this study.  
 
6. PURPOSE OF RESEARCH:  You are being asked to participate in a research 
study being conducted by Dr. Jennifer Quinlan at Drexel University.  The purpose 
of this study is to identify behaviors that contribute to the presence of foodborne 
pathogens in the home environment.   
 
This research study fulfills part of the requirements for a doctoral thesis in 
Biology.   
 
We plan to collect information from 250 volunteers during this study.  You’ve 
been asked to participate in this study because you have identified yourself as the 
primary meal preparer/food shopper in your home. 
 
In order to participate in this research study, participants must 
 Be 18 years or older 
 Be able to understand English 
 Live in Philadelphia or the surrounding suburbs 
 Be comfortable with a home inspection (described below) 
 Identify as the primary meal preparer and food shopper in the household 
  
If you do not meet all the criteria listed above you will not be included this study. 
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7. PROCEDURES AND DURATION:  You understand that the following things 
will be done to you if you choose to participate. 
 During today’s home visit two researchers, including myself, will record 
conditions related to food preparation and storage conditions in your home.  This 
visit should last approximately 60 minutes.   
 Your participation is voluntary, and you can choose to stop at any time without 
consequence.  We will use a new checklist designed for this study to record 
observations about food preparation and storage conditions in your home.   
 While observing your kitchen we may take photographs of conditions we have 
observed.  
 All the information we record will be based on what we see in your home.  
During this time, you will be asked to answer questions from a survey about 
cooking and food preparation.   
 The survey will record your opinion and knowledge related to common food 
preparation tasks.  There is no right or wrong answer to the questions, your 
responses are confidential, and you should respond to each question with the 
answer that best represents your opinion.   
 You do not have to answer any question(s) you are not comfortable answering, 
and you may stop at any time without consequence.   
 We will also collect samples from surfaces in your kitchen, which will be tested 
for certain bacteria.  During this portion of the visit, we may ask if we can collect 
a previously-used sponge or dishcloth from your kitchen.   
 If you agree to provide a sponge/dishcloth, a new one will be given to you.  
There is no consequence to you if you would not like to or are unable to provide 
a sponge/dishcloth.   
 
8. RISKS AND DISCOMFORTS/CONSTRAINTS:  The home visit requires 
researchers to answer questions based on an investigation of your kitchen.  It is 
possible that during this inspection you may feel that your privacy has been 
invaded or otherwise compromised.  In order to prevent this situation, the 
researchers have been trained to conduct the inspection in a professional and 
respectful way that will limit any damage to your belongings.  Before data 
collection begins we will describe the entire process to you, giving you the 
opportunity to ask questions.  If at any time you decide you’re uncomfortable with 
this process, data collection will stop immediately, without any consequence to 
you.   
 
 In order to visit your home, we have recorded your address and telephone 
number in a secure database.  Your name, telephone number and address will be 
destroyed after we leave your home today.  All information that we gather today 
will be assigned a random number code to replace your personal information.  
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There will be no link between your personal information and the information we 
collect.  All information will be destroyed within 3 years of the end of the study.   
 
 
 
 
 
 
 
 
 
9. UNFORESEEN RISKS:  Participation in the study may involve unforeseen 
risks.  If unforeseen risks occur, they will be reported to the Office of Regulatory 
Research Compliance. 
 
10. BENEFITS:  There are no direct benefits to you from participating in this study. 
 
11. ALTERNATIVE PROCEDURES/TREATMENT:  The alternative is not to 
participate in this study.   
 
12. VOLUNTARY PARTICIPATION:  Participation in this study is voluntary, and 
you can refuse to be in the study or stop at any time without any consequence. 
 
13. STIPEND/REIMBURSEMENT:  Upon completion of the home visit, you will 
receive $50 compensation for time and cooperation, as well as a packet of food 
safety related educational material.  If you donated a sponge or washcloth as a 
sample the sponge or washcloth will be replaced at this time.   
  
14. IN CASE OF INJURY:  If you have any questions or believe you have been 
injured in any way by being in this research study, you should contact Dr. Jennifer 
Quinlan at telephone (215) 762-8456.  However, neither the investigator nor 
Drexel University will make payment for injury, illness, or other loss resulting 
from your being in this research project.  If you are injured by this research 
activity, medical care including hospitalization is available, but may result in 
costs to you or your insurance company because the University does not agree to 
pay for such costs.  If you are injured or have an adverse reaction, you should also 
contact the Office of Regulatory Research Compliance at 215-255-7857. 
 
15. CONFIDENTIALITY:  It was necessary to record your first name, telephone 
number, and address in order to visit you today.  This information has been 
maintained in a password-protected electronic file on a computer in my laboratory 
at Drexel University, accessible only by myself and the Primary Investigator for 
the study.  After we leave your home today, your name, telephone number and 
address.  From now on you will only be identified by a random numerical code 
that is not linked to your personal information.  Original copies of the 
questionnaires filled out today will be scanned and stored electronically as well as 
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physically.  Physical copies will be stored in a locked cabinet in our laboratory, 
accessible only by myself and the P.I.  Electronic copies, as well as all electronic 
data related to this project, will be stored in password-protected electronic files on 
a computer in my laboratory at Drexel, accessible only by myself and the P.I.  All 
data will be destroyed within 3 years of completion of the study. 
  
 
 
 
 
 
 
 
 
 
 
In any publication or presentation of research results, your identity will be kept 
confidential, but there is a possibility that records which identify you may be 
inspected by authorized individuals such as representatives of the Drexel 
University institutional review board (IRB), the sponsor (United States 
Department of Agriculture), or employees conducting peer review activities.  You 
consent to such inspections and to the copying of excerpts of your records, if 
required by any of these representatives. 
 
16. OTHER CONSIDERATIONS:  If you wish further information regarding your 
rights as a research subject or if you have problems with a research-related injury, 
for medical problems please contact the Institution's Office of Regulatory 
Research Compliance by telephoning 215-255-7857. 
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17. CONSENT:          
 
 I have been informed of the reasons for this study. 
 I have had the study explained to me. 
 I have had all of my questions answered. 
 I have carefully read this consent form, have initialed each page, and 
have received a signed copy. 
 I give consent voluntarily. 
 
 
 
 
 
 
________________________________________________  
 _______________ 
Subject or Legally Authorized Representative     Date 
 
 
 
 
_______________________________________________  
 ______________ 
Investigator or Individual Obtaining this Consent    Date 
 
 
 
 
List of Individuals Authorized to Obtain Consent 
 
Name   Title   Day Phone #  24 Hr Phone # 
Patricia Borrusso Co-Investigator  215-895-1273  516-236-6462 
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APPENDIX	2:		ADVERTISEMENT	FLYER	
	
		 	
 
 
Drexel University 
Recruiting Volunteers for a Food Study 
We are collecting information in consumer homes to understand different types of food 
preparation. 
QUALIFY                   
You can participate in this study if you are: 
 18 Years or older and live in the city of Philadelphia 
 Act as the Primary meal preparer of your household (plan, cook, shop, etc.) 
 Commonly prepare meals at home 
If you meet the above criteria, please contact us using the contact information below. 
CONTACT INFORMATION 
If you are interested in participating in this study, please contact 
Patricia Borrusso 
 215-762-8669 
 Drexel University 
COMPENSATION                              
Each volunteer who participates in this study will receive $50. 
 This research is approved by the Institutional review board, and this research is conducted by a faculty from Drexel University. 
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APPENDIX	3:		TELEPHONE	SCREENER	
	
Date:	_____________			 Individual’s	First	Name:	_____________________________	
Hi	(individual’s	name).		Thank	you	for	your	interest	in	our	research	project.		My	
name	is	Patricia	Borrusso	from	Drexel	University.	
	
First,	I	will	explain	the	study	so	you	can	decide	if	you	are	still	interested.		We’re	
recruiting	people	from	Philadelphia	to	study	food	preparation	habits	in	the	
home.		We	will	ask	you	to	participate	in	a	home	visit,	during	which	2	
researchers	will	come	to	your	house.		At	your	home,	one	researcher	will	fill	out	
a	form	to	record	observations	about	the	types	of	appliances,	storage	space,	and	
utensils	in	your	kitchen,	as	well	as	the	types	of	cleaning	materials	in	your	
bathroom.		During	this	time	the	other	researcher	will	ask	you	survey	questions	
about	food	shopping,	preparation,	and	storage.		Lastly,	the	researchers	will	
collect	samples	from	surfaces	in	your	kitchen.		This	will	be	done	by	wiping	the	
surface	(for	example,	your	kitchen	counter)	with	a	moist	cotton	swab.		The	
entire	visit	should	last	approximately	60	minutes.	
You	will	receive	$50	for	your	participation	in	the	study.	
Do	you	have	any	questions	about	participating	in	this	study?			
	
Are	you	still	interested?	YES__NO__		
I	have	a	few	quick	questions	to	confirm	that	you	are	eligible.	
Screening	Questions	 Answer	 Eligible	Answer	
What	is	your	age?	 	 18	years	or	older
Do	you	live	in	Philadelphia?	 	 Yes	
Do	you	often	prepare	meals	at	home	using	raw	
ingredients?	
	 Cook	at	least	3	
times/week	
Are	you	willing	to	allow	2	researchers	to	come	
to	your	home	to	evaluate	your	kitchen	and	
collect	samples?	
	 Yes		
	
If	not	eligible	state,	I’m	sorry	but	you	don’t	meet	to	criteria	to	be	included	in	this	
study.		Thank	you	for	your	time!	
	
If	eligible	state,	Great	–	you	are	eligible	for	the	study.		Are	you	available	any	of	
the	following	times	for	the	home	visit	(Offer	available	dates/times)?		
	 No____		Okay.		Thank	you	for	your	time.	
	
	 Yes____	Great.		I’ll	need	to	record	some	more	information	from	you	to	set	up	
the	visit.		May	I	have	your	home	address	where	the	visit	will	occur?	
(Record	participant’s	address,	including	apartment	number	and	zip	code)	
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Street:	 	 	 	 	 	 	 Apt:	
City	and	Zip	code:	
We	will	make	a	reminder	phone	call	12‐24	hours	prior	to	the	visit.		May	I	have	a	
number	where	you	can	be	reached?		(								)											‐																				Ext._______	
Great,	thank	you	(participant’s	name).		I	look	forward	to	seeing	you	on	(State	
date	and	time	participant	selected).	
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APPENDIX	4:		AUDIT	TOOL	
	
Domestic	Environment	Inspection	Report	Form	
Inspector	Name:	
	
Participant	ID:	
	
Date:																																																																									Time:
	
	
GENERAL	KITCHEN
1. Is there evidence of pest infestation?  (Such as 
mouse/insect traps, droppings, insects)  YES	 NO	 	
2. Are animals present in areas where food preparation or 
consumption occurs?  Present	
Not	
Presen
t	
Access	
a. If YES, what type of animal? 
 
3. Are sanitizing and/or disinfecting cleaners available?  YES	 NO	
4. Does the kitchen have a working dishwasher?  YES	 NO	
5. Do food contact surfaces of counter tops appear clean?  YES	 NO	
6. Are cutting boards present?  YES	 NO	
a. If YES, are they clean?  YES	 NO	 	
b. If YES, are they worn with deep grooves or cracks 
in the surface?  YES	 NO	 	
Comments	
	
	
	
KITCHEN	SINK
If	no	kitchen	sink	is	available,	select	"No	Sink"	and	skip	this	
section.	 No	Sink	 	 	
7. Is soap available near kitchen sink?  YES	 NO	
8. Is either one‐use paper towels or a designated hand 
towel available near kitchen sink?  YES	 NO	 	
a. If YES, which is available?  (Select all that apply)  PAPER	 HAND	 BOTH	
9. Are sponges/brushes/dishcloths present near kitchen 
sink?  YES	 NO	 	
a. If YES, do they appear clean?  YES	 NO	 	
10. Are dishes, kitchenware, or utensils present in kitchen 
sink?  YES	 NO	 	
11. Do food contact surfaces of kitchen sink appear clean?    YES	 NO	
a. If NO, which part is not clean?  (Select all that 
apply)  FAUCETS  BASE  DRAIN 
12. Are both hot and cold water available?  YES	 NO	
a. If NO, which is not available?  HOT	 COLD	
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Comments	
	
	
	
	
REFRIGERATOR/FREEZER
13. Is any perishable food stored outside of the refrigerator?  YES	 NO	
a. If YES, list foods: 
 
If	no	refrigerator	and/or	freezer	is	available	select	the	
appropriate	response	and	skip	the	rest	of	this	section	
No	
refrigerat
or	
No	
Freeze
r	 	
14. Do food contact surfaces of refrigerator exterior appear 
clean?  (Including door handle)  YES	 NO	 	
15. Do food contact surfaces of refrigerator interior appear 
clean?  (Including shelves, drawers, and door storage 
area) 
YES	 NO	 	
16. Does the refrigerator have a visible and accurate 
thermometer?  YES	 NO	 	
a. Record refrigerator temperature  °C	
17. Is the refrigerator temperature within recommended 
range (<5°C)?  YES	 NO	 	
18. Are raw meat/fish/poultry present in the refrigerator?  YES	 NO	 	
a. If YES, are raw meat/fish/poultry stored below 
Ready‐to‐Eat (RTE) foods?  YES	 NO	 	
b. If YES, are raw meat/fish/poultry stored in leak‐
proof containers?  YES	 NO*	 	
c. If YES, are raw meat/fish/poultry within the use‐
by dates?  YES	 NO*	 	
19. Are all Ready‐to‐Eat foods packaged to avoid cross 
contamination?  YES	 NO	 	
a. If NO, describe: 
 
Comments	
	
	
*18b&c‐	If	NO,	describe:	
	
	
BATHROOM	HYGIENE
If	no	bathroom	sink	is	available on	the	same	floor	as	the	
kitchen,	select	"No	sink"	and	skip	this	section	 No	Sink	 	 	
20. Is soap available near bathroom sink?  YES	 NO	
21. Is either one‐use paper towels or a designated hand towel 
available near bathroom sink?  YES	 NO	 	
Comments
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APPENDIX	5:		AUDIT	TOOL	GUIDELINES	
	
GENERAL	KITCHEN	
1. Is there evidence of pest infestation?  (Such as mouse/insect traps, droppings, chewed‐up 
packaging, holes in walls, insect or mouse spray) 
3. Are sanitizing and/or disinfecting cleaners available? – Anywhere, as long as we see it 
Bottle should be labeled “disinfectant”  
Example:  Chlorine bleach (sodium hypochlorite) 
Dish soap alone does not count 
5. Do food contact surfaces of counter tops appear clean? 
Look	for	grease	deposits,	food	residue,	and	other	soil	accumulations		
6. Are cutting boards present? 
a. If YES, are they clean? 
b. If YES, are they worn with deep grooves or cracks in the surface? 
 
KITCHEN	SINK	
If	no	kitchen	sink	is	available,	select	"No	Sink"	and	skip	this	section.	
7. Is soap available near kitchen sink? 
Hand or dish soap is okay 
If bottle is empty, mark in comment (but put YES) 
9. Are sponges/brushes/dishcloths present near kitchen sink? 
a. If YES, do they appear clean? 
Select	NO	if	the	sponge/brush/rag	is	old,	worn,	has	scrubbing	material	
rubbed	off	OR	is	caked	with	grease,	dirt,	food	residue	or	other	debris.	
10. Are dishes, kitchenware, or utensils present in kitchen sink? 
11. Do food contact surfaces of kitchen sink appear clean? 
Look	for	grease	deposits,	food	residue,	pots	and	pans,	and	other	soil	
accumulations	
a. If NO, identify which part is not clean 
	
REFRIGERATOR/FREEZER	
14. Do food contact surfaces of refrigerator exterior appear clean?  (Including door handle) 
Look	for	encrusted	grease	deposits,	food	residue,	and	other	soil	accumulations		
15. Do food contact surfaces of refrigerator interior appear clean?  (Including shelves, drawers, 
and door storage area) 
Look	for	encrusted	grease	deposits,	food	residue,	and	other	soil	accumulations		
18. Are raw meat/fish/poultry present in the refrigerator? 
Look in veggie drawers, meat drawer, door of refrigerator, butter dish, and all shelves 
a. If YES, are raw meat/fish/poultry stored below Ready‐to‐Eat (RTE) foods? 
b. If YES, are raw meat/fish/poultry stored in leak‐proof containers?  
Raw	animal	products	should	have	intact/secure	packaging	to	prevent	
leaks	or	dripping	
c. If YES, are raw meat/fish/poultry within the use‐by dates?  
Length	of	storage	after	Sell‐by	date	
	 Hot	Dogs	(opened)	–	1	week	
	 Hot	Dogs	(unopened)	–	2	weeks	
	 Ground	Meat	(beef,	poultry,	pork,	etc)	–	2	days	
	 183
	 Fresh	Seafood	–	2	days	
	 Fresh	Meat	(beef,	veal,	pork,	etc)	–	4	days	
	 Fresh	Poultry	–	2	days	
	 Cured	Meat	–	6	days	
	 Variety	Meats	(Liver,	Tongue,	Brain,	Chitterlings)	–	2	days	
19. Are all Ready‐to‐Eat foods packaged to avoid cross contamination? 
RTE	foods	should	have	intact/secure	packaging		‐	No	exposed	food	surface
	 184
APPENDIX	6:		SUMMARY	RESULTS	FOR	CHI‐SQUARE	TESTS	
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APPENDIX	7:		MICROBIOLOGICAL	DATA	AND	RESULTS:	COLIFORMS	
	
 Counter Sponge/Dishcloth 
ID MPN/ ml MPN/sample Log MPN/ sample MPN/ ml MPN/ sample 
Log MPN/ 
sample 
26570 210 12600 4.1004 460 92000 4.9638 
64525 0.15 9 0.9542 0.15 30 1.4771 
32508 0.92 55.2 1.7419 460 92000 4.9638 
95511 24 1440 3.1584 0.15 30 1.4771 
31224 150 9000 3.9542 2400 480000 5.6812 
55162 0.36 21.6 1.3345 2400 480000 5.6812 
46482 0.15 9 0.9542 4.3 860 2.9345 
78661 2400 144000 5.1584 24 4800 3.6812 
94218 0.15 9 0.9542 110 22000 4.3424 
68474 0.15 9 0.9542 0.15 30 1.4771 
76382 46 2760 3.4409 0.15 30 1.4771 
30246 110 6600 3.8195 24 4800 3.6812 
50843 2400 144000 5.1584 2400 480000 5.6812 
72437 24 1440 3.1584 2400 480000 5.6812 
24796 15 900 2.9542 2400 480000 5.6812 
72795 0.15 9 0.9542 0.15 30 1.4771 
94721 2400 144000 5.1584 2400 480000 5.6812 
12881 2 120 2.0792 46 9200 3.9638 
37991 0.15 9 0.9542 2400 480000 5.6812 
88776 0.15 9 0.9542 0.15 30 1.4771 
62175 0.15 9 0.9542 2400 480000 5.6812 
72514 0.15 9 0.9542 2400 480000 5.6812 
89336 0.15 9 0.9542 1100 220000 5.3424 
28559 75 4500 3.6532 2400 480000 5.6812 
68913 24 1440 3.1584 0.15 30 1.4771 
93499 0.15 9 0.9542 46 9200 3.9638 
36263 2400 144000 5.1584 2400 480000 5.6812 
89688 1100 66000 4.8195 2400 480000 5.6812 
93774 1100 66000 4.8195    
72672 0.15 9 0.9542 2400 480000 5.6812 
87261 0.15 9 0.9542 2400 480000 5.6812 
96351 1.4 84 1.9243 2400 480000 5.6812 
16645 24 1440 3.1584 2400 480000 5.6812 
28881 0.15 9 0.9542 2400 480000 5.6812 
61740 15 900 2.9542 24 4800 3.6812 
37449 0.35 70 1.8451 2400 480000 5.6812 
53992 2400 480000 5.6812 2400 480000 5.6812 
79389 46 9200 3.9638 2400 480000 5.6812 
35546 4.3 258 2.4116 46 9200 3.9638 
56080 2400 144000 5.1584 2400 480000 5.6812 
94859 2400 144000 5.1584 2400 480000 5.6812 
25536 2400 144000 5.1584 2400 480000 5.6812 
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39529 2400 144000 5.1584 0.15 30 1.4771 
49318 2400 144000 5.1584 2400 480000 5.6812 
18158 2400 144000 5.1584 2400 480000 5.6812 
21598 460 27600 4.4409 2400 480000 5.6812 
37930 0.92 55.2 1.7419 2400 480000 5.6812 
32735 93 5580 3.7466 2400 480000 5.6812 
61163 2400 144000 5.1584 2400 480000 5.6812 
51817 240 14400 4.1584 2400 480000 5.6812 
69760 2400 144000 5.1584 2400 480000 5.6812 
82242 0.15 9 0.9542 2400 480000 5.6812 
38553 1100 66000 4.8195 2400 480000 5.6812 
52792 2.3 138 2.1399 4.3 860 2.9345 
72560 2400 144000 5.1584 2400 480000 5.6812 
37170 2400 144000 5.1584 2400 480000 5.6812 
65645 4.3 258 2.4116 1100 220000 5.3424 
85877 0.15 9 0.9542 0.15 30 1.4771 
12166 2400 144000 5.1584 2400 480000 5.6812 
27384 24 1440 3.1584 2400 480000 5.6812 
36433 460 27600 4.4409 2400 480000 5.6812 
56413 460 27600 4.4409 0.15 30 1.4771 
88789 0.15 9 0.9542 0.15 30 1.4771 
14524 0.15 9 0.9542 2400 480000 5.6812 
42881 0.15 9 0.9542    
91793 2400 144000 5.1584 0.15 30 1.4771 
62416 2400 144000 5.1584 2400 480000 5.6812 
86492 2400 144000 5.1584 2400 480000 5.6812 
95286 2400 144000 5.1584 2400 480000 5.6812 
25454 9.2 552 2.7419 15 3000 3.4771 
30756 2400 144000 5.1584 2400 480000 5.6812 
87257 2400 144000 5.1584 2400 480000 5.6812 
20193 93 5580 3.7466 2400 480000 5.6812 
35174 0.15 9 0.9542 0.15 30 1.4771 
57769 0.15 9 0.9542 2400 480000 5.6812 
36920 2400 144000 5.1584    
43654 1100 66000 4.8195 2400 480000 5.6812 
89096 93 5580 3.7466 2400 480000 5.6812 
10334 93 5580 3.7466 2400 480000 5.6812 
60020 0.92 55.2 1.7419 0.15 30 1.4771 
30650 3.6 216 2.3345 0.15 30 1.4771 
52066 0.36 21.6 1.3345 2400 480000 5.6812 
69075 75 4500 3.6532 0.15 30 1.4771 
58513 0.15 9 0.9542 2400 480000 5.6812 
68161 240 14400 4.1584 2400 480000 5.6812 
94786 9.2 552 2.7419 1100 220000 5.3424 
39977 0.15 9 0.9542 9.2 1840 3.2648 
57515 0.15 9 0.9542 7.4 1480 3.1703 
95878 3.6 216 2.3345 2400 480000 5.6812 
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25306 2400 144000 5.1584 2400 480000 5.6812 
48798 150 9000 3.9542 2400 480000 5.6812 
55089 2400 144000 5.1584    
70417 7.5 450 2.6532 0.15 30 1.4771 
36471 9.3 558 2.7466 150 30000 4.4771 
60872 2.3 138 2.1399 460 92000 4.9638 
74334 0.15 9 0.9542 460 92000 4.9638 
94232 4.3 258 2.4116 2400 480000 5.6812 
89108 0.74 44.4 1.6474 2400 480000 5.6812 
95177 0.15 9 0.9542 2400 480000 5.6812 
18559 0.15 9 0.9542 2400 480000 5.6812 
	 RF	Door	Handle RF	Shelf	
ID MPN/ml MPN/sample Log MPN/sample MPN/ml MPN/sample 
Log MPN/ 
sample 
26570 0.15 9 0.9542 24 1440 3.1584 
64525 0.15 9 0.9542 110 6600 3.8195 
32508 0.15 9 0.9542 0.15 9 0.9542 
95511 0.15 9 0.9542 1.4 84 1.9243 
31224 0.36 21.6 1.3345 24 1440 3.1584 
55162 0.15 9 0.9542 4.3 258 2.4116 
46482 0.15 9 0.9542 1.5 90 1.9542 
78661 0.15 9 0.9542 0.36 21.6 1.3345 
94218 0.15 9 0.9542 0.15 9 0.9542 
68474 0.15 9 0.9542 0.15 9 0.9542 
76382 2.3 138 2.1399 46 2760 3.4409 
30246 0.15 9 0.9542 0.15 9 0.9542 
50843 0.92 55.2 1.7419 1100 66000 4.8195 
72437 0.92 55.2 1.7419 24 1440 3.1584 
24796 0.36 21.6 1.3345 2.3 138 2.1399 
72795 0.15 9 0.9542 0.15 9 0.9542 
94721 0.36 21.6 1.3345 2.3 138 2.1399 
12881 0.92 55.2 1.7419 1100 66000 4.8195 
37991 0.15 9 0.9542 0.15 9 0.9542 
88776 0.15 9 0.9542 0.15 9 0.9542 
62175 0.15 9 0.9542 0.36 21.6 1.3345 
72514 0.15 9 0.9542 0.15 9 0.9542 
89336 0.15 9 0.9542 0.15 9 0.9542 
28559 0.15 9 0.9542 46 2760 3.4409 
68913 0.15 9 0.9542 0.36 21.6 1.3345 
93499 0.15 9 0.9542 0.15 9 0.9542 
36263 0.3 18 1.2553 0.15 9 0.9542 
89688 0.15 9 0.9542 0.15 9 0.9542 
93774 0.15 9 0.9542 0.15 9 0.9542 
72672 0.15 9 0.9542 2.3 138 2.1399 
87261 0.15 9 0.9542 0.15 9 0.9542 
96351 0.36 21.6 1.3345 0.15 9 0.9542 
16645 0.36 21.6 1.3345 38 2280 3.3579 
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28881 0.15 9 0.9542 24 1440 3.1584 
61740 0.15 9 0.9542 0.15 9 0.9542 
37449 0.15 30 1.4771 0.15 30 1.4771 
53992 110 22000 4.3424 24 4800 3.6812 
79389 0.15 30 1.4771 460 92000 4.9638 
35546 0.15 9 0.9542 0.15 9 0.9542 
56080 0.15 9 0.9542 0.92 55.2 1.7419 
94859 0.36 21.6 1.3345 0.36 21.6 1.3345 
25536 0.15 9 0.9542 2400 144000 5.1584 
39529 0.15 9 0.9542 0.15 9 0.9542 
49318 0.15 9 0.9542 2400 144000 5.1584 
18158 2.3 138 2.1399 24 1440 3.1584 
21598 0.15 9 0.9542 460 27600 4.4409 
37930 0.15 9 0.9542 0.15 9 0.9542 
32735 0.15 9 0.9542 93 5580 3.7466 
61163 0.15 9 0.9542 0.15 9 0.9542 
51817 2.3 138 2.1399 460 27600 4.4409 
69760 0.15 9 0.9542 2400 144000 5.1584 
82242 0.15 9 0.9542 2.3 138 2.1399 
38553 0.15 9 0.9542 24 1440 3.1584 
52792 1.5 90 1.9542 2400 144000 5.1584 
72560 2.3 138 2.1399 2.3 138 2.1399 
37170 43 2580 3.4116 460 27600 4.4409 
65645 0.15 9 0.9542 0.15 9 0.9542 
85877 0.15 9 0.9542 0.15 9 0.9542 
12166 0.15 9 0.9542 0.36 21.6 1.3345 
27384 2.3 138 2.1399 2400 144000 5.1584 
36433 4.3 258 2.4116 460 27600 4.4409 
56413 0.15 9 0.9542 0.15 9 0.9542 
88789 0.15 9 0.9542 0.15 9 0.9542 
14524 0.36 21.6 1.3345 0.36 21.6 1.3345 
42881 0.15 9 0.9542 0.15 9 0.9542 
91793 0.15 9 0.9542 0.15 9 0.9542 
62416 0.15 9 0.9542 2.3 138 2.1399 
86492 46 2760 3.4409 9.3 558 2.7466 
95286 2400 144000 5.1584 38 2280 3.3579 
25454 0.15 9 0.9542 0.15 9 0.9542 
30756 23 1380 3.1399 75 4500 3.6532 
87257 2.3 138 2.1399 9.2 552 2.7419 
20193 0.15 9 0.9542 0.15 9 0.9542 
35174 0.15 9 0.9542 0.15 9 0.9542 
57769 0.15 9 0.9542 0.36 21.6 1.3345 
36920 93 5580 3.7466 2400 144000 5.1584 
43654 0.15 9 0.9542 0.92 55.2 1.7419 
89096 0.15 9 0.9542 0.15 9 0.9542 
10334 0.15 9 0.9542 0.36 21.6 1.3345 
60020 0.15 9 0.9542 0.36 21.6 1.3345 
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30650 2.3 138 2.1399 0.15 9 0.9542 
52066 0.15 9 0.9542 0.15 9 0.9542 
69075 0.15 9 0.9542 0.15 9 0.9542 
58513 3.6 216 2.3345 0.15 9 0.9542 
68161 3.6 216 2.3345 9.2 552 2.7419 
94786 0.15 9 0.9542 3.6 216 2.3345 
39977 0.15 9 0.9542 0.15 9 0.9542 
57515 0.15 9 0.9542 7.4 444 2.6474 
95878 0.36 21.6 1.3345 0.36 21.6 1.3345 
25306 0.15 9 0.9542 0.15 9 0.9542 
48798 2.1 126 2.1004 93 5580 3.7466 
55089 0.15 9 0.9542 2400 144000 5.1584 
70417 0.15 9 0.9542 0.36 21.6 1.3345 
36471 0.15 9 0.9542 0.15 9 0.9542 
60872 0.15 9 0.9542 0.15 9 0.9542 
74334 0.15 9 0.9542 0.15 9 0.9542 
94232 0.36 21.6 1.3345 0.15 9 0.9542 
89108 0.15 9 0.9542 0.74 44.4 1.6474 
95177 4.3 258 2.4116 24 1440 3.1584 
18559 0.15 9 0.9542 0.15 9 0.9542 
 RF Drawer Sink 
ID MPN/ml MPN/sample Log MPN/sample MPN/ml MPN/sample 
Log MPN/ 
sample 
26570    2400 144000 5.1584 
64525    0.15 9 0.9542 
32508 2400 144000 5.1583625 2400 144000 5.1584 
95511 24 1440 3.1583625 1100 66000 4.8195 
31224 4.3 258 2.4116197 240 14400 4.1584 
55162    460 27600 4.4409 
46482 0.15 9 0.9542425 460 27600 4.4409 
78661 15 900 2.9542425 46 2760 3.4409 
94218 0.15 9 0.9542425 2400 144000 5.1584 
68474 0.15 9 0.9542425 0.15 9 0.9542 
76382    0.15 9 0.9542 
30246    240 14400 4.1584 
50843    2400 144000 5.1584 
72437 460 27600 4.4409091 2400 144000 5.1584 
24796 0.36 21.6 1.3344538 20 1200 3.0792 
72795    3.8 228 2.3579 
94721    2400 144000 5.1584 
12881 2400 144000 5.1583625 110 6600 3.8195 
37991    9.3 558 2.7466 
88776 0.15 9 0.9542425 0.15 9 0.9542 
62175    0.15 9 0.9542 
72514    0.15 9 0.9542 
89336 0.15 9 0.9542425 0.15 9 0.9542 
28559    4.3 258 2.4116 
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68913    46 2760 3.4409 
93499    150 9000 3.9542 
36263 0.36 21.6 1.3344538 2400 144000 5.1584 
89688 15 900 2.9542425 2400 144000 5.1584 
93774 0.15 9 0.9542425 2400 144000 5.1584 
72672 2400 144000 5.1583625 2400 144000 5.1584 
87261 0.15 9 0.9542425 2400 144000 5.1584 
96351 24 1440 3.1583625 460 27600 4.4409 
16645    46 2760 3.4409 
28881 2.1 126 2.1003705 460 27600 4.4409 
61740 0.92 55.2 1.7419391 9.3 558 2.7466 
37449 0.15 30 1.4771213 2400 480000 5.6812 
53992    2400 480000 5.6812 
79389 0.15 30 1.4771213 2400 480000 5.6812 
35546    2400 144000 5.1584 
56080    2400 144000 5.1584 
94859 9.3 558 2.7466342 2400 144000 5.1584 
25536    2400 144000 5.1584 
39529    2400 144000 5.1584 
49318 2400 144000 5.1583625 2400 144000 5.1584 
18158 0.15 9 0.9542425 2400 144000 5.1584 
21598 0.15 9 0.9542425 2400 144000 5.1584 
37930    210 12600 4.1004 
32735 460 27600 4.4409091 2400 144000 5.1584 
61163 9.3 558 2.7466342 2400 144000 5.1584 
51817 0.36 21.6 1.3344538 2400 144000 5.1584 
69760 0.15 9 0.9542425 2400 144000 5.1584 
82242    2400 144000 5.1584 
38553    240 14400 4.1584 
52792    2.3 138 2.1399 
72560 2400 144000 5.1583625 2400 144000 5.1584 
37170    2400 144000 5.1584 
65645    1.4 84 1.9243 
85877 0.15 9 0.9542425 2400 144000 5.1584 
12166 2400 144000 5.1583625 1100 66000 4.8195 
27384 1100 66000 4.8195439 2400 144000 5.1584 
36433    240 14400 4.1584 
56413    1100 66000 4.8195 
88789 0.15 9 0.9542425 0.15 9 0.9542 
14524 0.15 9 0.9542425 0.15 9 0.9542 
42881 0.15 9 0.9542425 0.15 9 0.9542 
91793 0.15 9 0.9542425 2400 144000 5.1584 
62416 0.15 9 0.9542425 2400 144000 5.1584 
86492 240 14400 4.1583625 2400 144000 5.1584 
95286 2.3 138 2.1398791 2400 144000 5.1584 
25454 0.36 21.6 1.3344538 2400 144000 5.1584 
30756    1100 66000 4.8195 
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87257    2400 144000 5.1584 
20193 0.92 55.2 1.7419391 2400 144000 5.1584 
35174 0.15 9 0.9542425 43 2580 3.4116 
57769    2400 144000 5.1584 
36920    2400 144000 5.1584 
43654 0.92 55.2 1.7419391 3.6 216 2.3345 
89096 0.15 9 0.9542425 2400 144000 5.1584 
10334 0.15 9 0.9542425 2400 144000 5.1584 
60020 0.15 9 0.9542425 9.2 552 2.7419 
30650    2400 144000 5.1584 
52066    0.92 55.2 1.7419 
69075 0.15 9 0.9542425 3.6 216 2.3345 
58513 43 2580 3.4116197 0.15 9 0.9542 
68161 0.92 55.2 1.7419391 1100 66000 4.8195 
94786 0.15 9 0.9542425 0.36 21.6 1.3345 
39977 38 2280 3.3579348 0.92 55.2 1.7419 
57515 0.15 9 0.9542425 2400 144000 5.1584 
95878    0.15 9 0.9542 
25306 1100 66000 4.8195439 2400 144000 5.1584 
48798 0.15 9 0.9542425 1.5 90 1.9542 
55089    4.3 258 2.4116 
70417 0.36 21.6 1.3344538 0.15 9 0.9542 
36471 0.15 9 0.9542425 0.36 21.6 1.3345 
60872    2400 144000 5.1584 
74334 4.3 258 2.4116197 0.15 9 0.9542 
94232 0.15 9 0.9542425 4.3 258 2.4116 
89108    0.15 9 0.9542 
95177 0.15 9 0.9542425 240 14400 4.1584 
18559    24 1440 3.1584 
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APPENDIX 8:  MICROBIOLOGICAL DATA AND RESULTS:  FECAL 
COLIFORMS 
 
# Date ID Location MPN/ml) MPN/sample Log MPN/sample 
5 2/11/13 31224 Counter 2.3 138 2.140 
24 4/15/13 28559 Counter 0.36 21.6 1.334 
29 4/29/13 93774 Counter 1.5 90 1.954 
40 6/10/13 56080 Counter 9.3 558 2.747 
42 6/17/13 25536 Counter 21 1260 3.100 
43 6/17/13 39529 Counter 36 2160 3.334 
48 7/15/13 32735 Counter 0.36 21.6 1.334 
53 8/5/13 38553 Counter 16 960 2.982 
62 8/26/13 56413 Counter 240 14400 4.158 
67 9/16/13 62416 Counter 1.5 90 1.954 
71 9/23/13 30756 Counter 1100 66000 4.820 
72 9/23/13 87257 Counter 210 12600 4.100 
76 10/14/13 36920 Counter 23 1380 3.140 
81 10/28/13 30650 Counter 0.36 21.6 1.334 
85 11/11/13 68161 Counter 7.4 444 2.647 
86 11/11/13 94786 Counter 0.36 21.6 1.334 
       
71 9/23/13 30756 RF Door Handle 0.36 21.6 1.334 
76 10/14/13 36920 RF Door Handle 0.36 21.6 1.334 
97 12/9/13 94232 RF Door Handle 0.36 21.6 1.334 
       
5 2/11/13 31224 RF Shelf 2.3 138 2.140 
56 8/12/13 37170 RF Shelf 0.36 21.6 1.334 
60 8/19/13 27384 RF Shelf 1100 66000 4.820 
71 9/23/13 30756 RF Shelf 9.2 552 2.742 
76 10/14/13 36920 RF Shelf 11 660 2.820 
       
5 2/11/13 31224 RF Drawer 1.5 90 1.954 
       
3 2/4/13 32508 Sink 75 4500 3.653 
5 2/11/13 31224 Sink 24 1440 3.158 
6 2/11/13 55162 Sink 4.3 258 2.412 
13 3/11/13 50843 Sink 2.3 138 2.140 
14 3/11/13 72437 Sink 240 14400 4.158 
15 3/18/13 24796 Sink 2.3 138 2.140 
16 3/18/13 72795 Sink 0.36 21.6 1.334 
24 4/15/13 28559 Sink 0.36 21.6 1.334 
25 4/15/13 68913 Sink 4.3 258 2.412 
29 4/29/13 93774 Sink 4.3 258 2.412 
38 6/3/13 79389 Sink 240 14400 4.158 
41 6/10/13 94859 Sink 210 12600 4.100 
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44 6/17/13 49318 Sink 2400 144000 5.158 
49 7/15/13 61163 Sink 9.3 558 2.747 
50 7/22/13 51817 Sink 2400 144000 5.158 
51 7/22/13 69760 Sink 0.92 55.2 1.742 
52 7/22/13 82242 Sink 460 27600 4.441 
53 8/5/13 38553 Sink 0.92 55.2 1.742 
56 8/12/13 37170 Sink 2.1 126 2.100 
60 8/19/13 27384 Sink 1.5 90 1.954 
62 8/26/13 56413 Sink 1.5 90 1.954 
67 9/16/13 62416 Sink 4.3 258 2.412 
68 9/16/13 86492 Sink 0.92 55.2 1.742 
70 9/23/13 25454 Sink 0.92 55.2 1.742 
71 9/23/13 30756 Sink 9.2 552 2.742 
72 9/23/13 87257 Sink 1100 66000 4.820 
76 10/14/13 36920 Sink 11 660 2.820 
81 10/28/13 30650 Sink 3.6 216 2.334 
85 11/11/13 68161 Sink 3.6 216 2.334 
90 12/2/13 25306 Sink 4.3 258 2.412 
92 12/2/13 55089 Sink 0.3 18 1.255 
95 12/9/13 60872 Sink 7.4 444 2.647 
97 12/9/13 94232 Sink 0.36 21.6 1.334 
       
5 2/11/13 31224 Dishcloth 2400 480000 5.681 
14 3/11/13 72437 Sponge 2400 480000 5.681 
15 3/18/13 24796 Sponge 0.36 72 1.857 
22 4/2/13 72514 Dishcloth 1100 220000 5.342 
24 4/15/13 28559 Dishcloth 24 4800 3.681 
30 5/13/13 72672 Sponge 16 3200 3.505 
35 5/27/13 61740 Sponge 4.3 860 2.934 
37 6/3/13 53992 Sponge 1.5 300 2.477 
38 6/3/13 79389 Sponge 240 48000 4.681 
40 6/10/13 56080 Sponge 0.92 184 2.265 
41 6/10/13 94859 Sponge 0.92 184 2.265 
48 7/15/13 32735 Sponge 2.3 460 2.663 
50 7/22/13 51817 Sponge 2.3 460 2.663 
52 7/22/13 82242 Sponge 24 4800 3.681 
53 8/5/13 38553 Sponge 240 48000 4.681 
56 8/12/13 37170 Sponge 43 8600 3.934 
60 8/19/13 27384 Sponge 0.74 148 2.170 
67 9/16/13 62416 Dishcloth 2.3 460 2.663 
71 9/23/13 30756 Dishcloth 210 42000 4.623 
72 9/23/13 87257 Sponge 0.92 184 2.265 
85 11/11/13 68161 Sponge 27 5400 3.732 
89 11/18/13 95878 Sponge 290 58000 4.763 
90 12/2/13 25306 Dishcloth 0.72 144 2.158 
91 12/2/13 48798 Dishcloth 0.3 60 1.778 
97 12/9/13 94232 Dishcloth 2.1 420 2.623 
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APPENDIX 9:  MICROBIOLOGICAL DATA AND RESULTS:  PATHOGENS 
 
Escherichia coli 
 
# Date ID Location MPN/ml MPN/sample Log 
MPN/sample 
60 8/19/13 27384 RF Shelf 36 2160 3.334 
       
6 2/11/13 55162 Sink 4.3 258 2.412 
14 3/11/13 72437 Sink 0.36 21.6 1.334 
15 3/18/13 24796 Sink 0.36 21.6 1.334 
38 6/3/13 79389 Sink 240 14400 4.158 
41 6/10/13 94859 Sink 35 2100 3.322 
44 6/17/13 49318 Sink 290 17400 4.241 
49 7/15/13 61163 Sink 4.3 258 2.412 
50 7/22/13 51817 Sink 0.3 18 1.255 
60 8/19/13 27384 Sink 0.92 55.2 1.742 
67 9/16/13 62416 Sink 0.92 55.2 1.742 
81 10/28/13 30650 Sink 0.36 21.6 1.334 
       
37 6/3/13 53992 Sponge 1.5 300 2.477 
38 6/3/13 79389 Sponge 240 48000 4.681 
48 7/15/13 32735 Sponge 0.36 72 1.857 
60 8/19/13 27384 Sponge 0.3 60 1.778 
72 9/23/13 87257 Sponge 0.36 72 1.857 
97 12/9/13 94232 Dishcloth 1.5 300 2.477 
 
Staphylococcus aureus 
 
# Date ID Location MPN/ ml MPN/ sample Log MPN/ 
sample 
5 2/11/13 31224 Counter 4.3 258 2.412 
11 3/4/13 76382 Counter 0.74 44.4 1.647 
26 4/15/13 93499 Counter 0.92 55.2 1.742 
29 4/29/13 93774 Counter 0.92 55.2 1.742 
38 6/3/13 79389 Counter 9.3 558 2.747 
45 6/24/13 18158 Counter 0.36 21.6 1.334 
51 7/22/13 69760 Counter 0.92 55.2 1.742 
66 9/9/13 91793 Counter 0.36 21.6 1.334 
67 9/16/13 62416 Counter 2.3 138 2.140 
68 9/16/13 86492 Counter 2.3 138 2.140 
71 9/23/13 30756 Counter 0.92 55.2 1.742 
73 10/7/13 20193 Counter 0.36 21.6 1.334 
75 10/7/13 57769 Counter 0.92 55.2 1.742 
76 10/14/13 36920 Counter 0.36 21.6 1.334 
77 10/14/13 43654 Counter 4.3 258 2.412 
82 10/28/13 52066 Counter 0.36 21.6 1.334 
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99 12/16/13 95177 Counter 0.36 21.6 1.334 
       
6 2/11/13 55162 RF Door 
Handle 
4.3 258 2.412 
11 3/4/13 76382 RF Door 
Handle 
7.5 450 2.653 
29 4/29/13 93774 RF Door 
Handle 
0.36 21.6 1.334 
50 7/22/13 51817 RF Door 
Handle 
2.3 138 2.140 
54 8/5/13 52792 RF Door 
Handle 
0.92 55.2 1.742 
56 8/12/13 37170 RF Door 
Handle 
0.36 21.6 1.334 
59 8/19/13 12166 RF Door 
Handle 
0.92 55.2 1.742 
67 9/16/13 62416 RF Door 
Handle 
46 2760 3.441 
69 9/16/13 95286 RF Door 
Handle 
2.3 138 2.140 
71 9/23/13 30756 RF Door 
Handle 
0.72 43.2 1.635 
75 10/7/13 57769 RF Door 
Handle 
0.92 55.2 1.742 
77 10/14/13 43654 RF Door 
Handle 
0.36 21.6 1.334 
83 10/28/13 69075 RF Door 
Handle 
0.92 55.2 1.742 
86 11/11/13 94786 RF Door 
Handle 
0.36 21.6 1.334 
90 12/2/13 25306 RF Door 
Handle 
0.36 21.6 1.334 
93 12/2/13 70417 RF Door 
Handle 
4.3 258 2.412 
100 12/16/13 18559 RF Door 
Handle 
0.36 21.6 1.334 
       
1 1/28/13 26570 RF Shelf 0.92 55.2 1.742 
6 2/11/13 55162 RF Shelf 0.36 21.6 1.334 
12 3/11/13 30246 RF Shelf 0.36 21.6 1.334 
25 4/15/13 68913 RF Shelf 15 900 2.954 
38 6/3/13 79389 RF Shelf 0.92 55.2 1.742 
43 6/17/13 39529 RF Shelf 24 1440 3.158 
50 7/22/13 51817 RF Shelf 2.1 126 2.100 
54 8/5/13 52792 RF Shelf 0.92 55.2 1.742 
66 9/9/13 91793 RF Shelf 0.74 44.4 1.647 
67 9/16/13 62416 RF Shelf 0.36 21.6 1.334 
69 9/16/13 95286 RF Shelf 0.36 21.6 1.334 
83 10/28/13 69075 RF Shelf 0.36 21.6 1.334 
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86 11/11/13 94786 RF Shelf 9.3 558 2.747 
       
50 7/22/13 51817 RF Drawer 2.3 138 2.140 
68 9/16/13 86492 RF Drawer 0.72 43.2 1.635 
86 11/11/13 94786 RF Drawer 0.3 18 1.255 
       
6 2/11/13 55162 Sink 9.3 558 2.747 
14 3/11/13 72437 Sink 0.92 55.2 1.742 
26 4/15/13 93499 Sink 0.92 55.2 1.742 
38 6/3/13 79389 Sink 0.36 21.6 1.334 
41 6/10/13 94859 Sink 0.36 21.6 1.334 
63 8/26/13 88789 Sink 0.36 21.6 1.334 
66 9/9/13 91793 Sink 24 1440 3.158 
67 9/16/13 62416 Sink 0.92 55.2 1.742 
68 9/16/13 86492 Sink 240 14400 4.158 
69 9/16/13 95286 Sink 0.62 37.2 1.571 
75 10/7/13 57769 Sink 9.3 558 2.747 
76 10/14/13 36920 Sink 2.3 138 2.140 
84 11/11/13 58513 Sink 0.36 21.6 1.334 
98 12/16/13 89108 Sink 2.3 138 2.140 
       
6 2/11/13 55162 Sponge 0.92 184 2.265 
16 3/18/13 72795 Dishcloth 0.36 72 1.857 
19 3/25/13 37991 Sponge 24 4800 3.681 
26 4/15/13 93499 Sponge 290 58000 4.763 
38 6/3/13 79389 Sponge 46 9200 3.964 
66 9/9/13 91793 Sponge 24 4800 3.681 
67 9/16/13 62416 Dishcloth 7.5 1500 3.176 
69 9/16/13 95286 Dishcloth 240 48000 4.681 
71 9/23/13 30756 Dishcloth 0.3 60 1.778 
77 10/14/13 43654 Sponge 2.3 460 2.663 
100 12/16/13 18559 Dishcloth 0.74 148 2.170 
 
Listeria 
 
# Date ID Location API Results - Species (Code) 
11 3/4/13 76382 Counter API - L. grayi (6020) 
     
62 8/26/13 56413 RF Door 
Handle 
API - L. grayi (3020) 
69 9/16/13 95286 RF Door 
Handle 
API - L. monocytogenes (6510) 
     
1 1/28/13 26570 RF Shelf API - L. welshimeri (6610) 
45 6/24/13 18158 RF Shelf API - L. grayi (7030) 
66 9/9/13 91793 RF Shelf API - L. welshimeri (7610) 
     
4 2/4/13 95511 RF Drawer API - L. grayi (2120) 
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5 2/11/13 31224 RF Drawer API - L. grayi (6020) 
18 3/25/13 12881 RF Drawer API - L. monocytogenes (6510) 
20 3/25/13 88776 RF Drawer API - L. grayi (7020) 
44 6/17/13 49318 RF Drawer API - L. seeligeri (3310) 
90 12/2/13 25306 RF Drawer API - L. welshimeri (7710) 
     
75 10/7/13 57769 Sink API - L. monocytogenes (6510) 
83 10/28/13 69075 Sink API - L. grayi (3020) 
     
51 7/22/13 69760 Sponge API - L. innocua (7510) 
69 9/16/13 95286 Dishcloth API - L. monocytogenes (6510) 
 
Campylobacter 
 
# Date ID Location API Results - Species (Code) 
6 2/11/13 55162 Sink API - C. jejuni (6731557) 
     
15 3/18/13 24796 Counter API - C. jejuni (6731554) 
     
20 3/25/13 88776 Dishcloth API - C. jejuni (6501555) 
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